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1. Introduction 

1.1. Background 

At the request of counsel for defense in the matter of "Lawrence 07Connor, et. al. vs. 

Boeing North America, Inc.", I have undertaken an investigation to determine whether 

there was a release of radionuclides form the Sodium Reactor Experiment (SRE) in July 

1959, and if so, to determine the quantity and identify the specific radionuclides released. 

I have over 30 years experience in nuclear engineering. I graduated from the University 

of Florida in 1972 with a Bachelor of Science degree in Nuclear Engineering Sciences. 

My primary areas of expertise are nuclear power plant safety analysis and fission product 

transport and behavior. 

I began my career at United Engineers and Constructors, in Philadelphia, performing 

nuclear safety analyses for the licensing of nuclear power plants under contract to UE&C. 

I worked on the Seabrook Nuclear Station, Washington Public Power Supply Systems 

Units 1 and 4, and Brunswick Power Station. I performed containment pressure- 

temperature analyses and various analyses for postulated nuclear accidents, including 

release from fuel and off-site dose analyses. As part of my work, I developed computer 

codes to assess the performance of safety systems designed to mitigate the consequences 

of upset and emergency conditions in the plant. I also performed safety assessments of 

foreign reactor systems, including the Canadian heavy water reactors and the French 

Phoenix and Super-Phoenix sodium-cooled breeder reactors, as part of a study conducted 

by the Department of Energy. 

In 1978, I joined General Public Utilities, and was at the Three Mile Island facility from 

April, 1979 until May, 1984, as technical advisor to the Vice President of GPU Nuclear, 

and as Manager of the TMI-2 Radiological Analyses Group. I was responsible for the 

assessments of radiological safety for all decontamination operations in the plant and to 

provide technical support to the recovery team. I also supervised the equipment design 

and collection of highly radioactive samples to assist the recovery effort. 

I joined Science Applications, Inc. while at TMI in 1982, and became the TMI site 

manager for SAI. I was responsible for the laboratory's contribution to recovery 



operations, under contract to Department of Energy. I developed a systematic approach 

for documenting the fission product release from the fuel and transport through the 

primary and auxiliary systems, utilizing a combination of specialized sampling, computer 

modeling and in-situ gamma spectrometer measurements. I made several entries into the 

TMI reactor building to perform scientific measurements related to the accident sequence 

and to measure the effectiveness of decontamination efforts. 

I founded Daniel & Associates, Inc. in 1984, and now consult to various utilities and 

governmental agencies. I was the Principal Investigator for an NRC project that 

developed a correlation between radioactive iodine resuspension and ambient 

temperature, published as NUREGICR-4953. 

I have written several computer codes, including RADTRAN, a fission product transport 

code. The RADTRAN code, after review by the NRC, was used to calculate the 

allowable release rate of radioactive gases fiom the TMT-2 reactor building during the 

venting of gases during 1980. I revised a version of the ORIGEN2 radioactive isotopic 

generatioddepletion code and the Oak Ridge National Laboratory (ORNL) shielding 

code ANISN to operate under the windows@ operating system. I have also written 

numerous small codes related to dose calculations, gamma-ray shielding, and two phase 

flow in piping systems. 

A list of publications and papers is attached as Appendix A. 

1.1.1 Prior Testimony 

I have not participated in any litigation in the past four years. 

1.1.2 Compensation 

My compensation in this case is $ 1 2 0 h .  

1.2. Approach 

Investigation of the SRE fuel damage incident lends itself to an approach known as 

"forensic reconstruction", a technique commonly used by investigators of aircraft and 

other industrial incidents to determine the cause and significance of events leading up to 



the failure being investigated. In this technique, mathematical calculations, called 

"models", are commonly used to compare calculations to data recorded during the 

incident, and to fill in missing data or gaps in the data that may be relevant to the 

incident. The "models" use the laws of physics to predict and quantify the outcome of 

events. On occasion, it may be necessary to make assumptions, due to lack of data, for 

example. In these instances, the investigator should pursue the validity of the assumption, 

and then test the generated results against available data. Taken in total, the 

"reconstruction" must satisfy all data recorded and available from the event, and also 

must not violate the physical constraints imposed by the plant piping and equipment 

arrangement. 

The approach taken in this investigation was accomplished in two phases. Phase I 

involved determining an accurate inventory of fission products in the SRE reactor core. 

Phase I1 involved determining the inventory of fission products remaining in the reactor 

core and plant systems after the incident occurred. The difference in inventories, i.e., 

before and after the incident, provides the best estimate of what may have been released 

during the incident. 

In order to accomplish the forensic "reconstruction", certain system descriptions and 

operating data were examined and reviewed in detail. Relevant descriptions and data are 

contained in this report to provide a clear understanding of individual systems and their 

role in the events that occurred in July, 1959 with respect to release from the SRE. 

Whenever possible, comparison to SRE data will be made and presented to verify the 

validity of calculations. Using this generally accepted scientific methodology will result 

in determining whether a release occurred, and If so, the magnitude of that release. 

1.3. Organization of Report 

Section 2 of this report is a description of the SRE design features that are necessary to 

understand the operation and pathways available for release to the environment to 

determine whether or not a release occurred. Descriptions are taken from SRE design 

documents and drawings. Every attempt has been made to verify that the drawings and 

descriptions are an accurate representation of the facility during the period in question. 

This section thus describes the equipment and systems at the time of the fuel damage 



incident. As a general rule, only the systems and equipment necessary for an 

understanding of the events of the incident are discussed. The exceptions to the rule are 

that descriptions may also be given for systems and pathways identified by plaintiffs 

expert to fully understand the allegations presented. 

Section 3 describes the operating and irradiation history of the SRE fbel, in order to 

provide a background for determination of fission product inventory in the reactor core 

during the period July 12 through July 26, 1959. The information in Section 3 was 

primarily taken from the reports describing the fuel damage incident. mef. 1-41 . Section 3 

provides the operational history for power runs up to run 14, and provides the 

background for the problems that developed in Run 14. 

Section 4 is a description of Run 14 and presents the thermodynamic aspect of the fuel 

damage. This section also presents the results of experiments undertaken to determine the 

root cause of the fuel damage. 

Section 5 deals with the radiological aspect of the fuel damage incident, and introduces 

the calculated fission product inventory and analyses performed to determine the release 

from the fuel. Comparisons to sample data are used as benchmarks to compute the source 

term for release. Section 5 contains the details of the release to the environment from the 

event. This section also presents the results of experiments undertaken by Atomics 

International to determine the fate of fission products released from the fuel matrix. 

Section 6 discusses specific allegations made by plaintiffs expert, contained in the report 

"iodine-1 3 1 Releases from the July 1959 Accident at the Atomics International Sodium 

Reactor Experiment", dated January 1959 mef. 321 

Section 7 lists the references relied upon to prepare this report. 

1.4. Summary and Conclusions 

1.4.1. Summary of Fuel Failure Incident 

During Power Run 14 of the SRE which began July 12, 1959, fluctuations of the core exit 

sodium temperature were noticed at various fuel channels. Some of these fluctuations 

were severe, and caused swelling of the fuel such that the stainless steel cladding was 



breached, exposing the fuel to the sodium coolant, and releasing radioactive fission 

products to the coolant and reactor cover gas. 

On one occasion, early in the run, the reactor's neutron behavior was not within normal 

operating parameters. The run was terminated on July 26. A series of fuel element 

inspections were begun which revealed that 13 of the 43 fuel elements had sustained 

damage. Investigations into the causes of the event revealed that partial flow blockage in 

certain coolant flow channels was caused by the decomposition products of an organic 

coolant, tetralin. The flow blockage was responsible for the thermal cycling that 

eventually caused cladding failure and partial melting of the uranium fuel in the 13 

affected fuel elements. Even though the cladding was breached in 13 of the he1 elements, 

with subsequent release of fission products to the coolant, no radiological hazard was 

presented to the reactor building. Recovery operation were initiated and conducted within 

standard AEC regulations on radiation exposures. 

1.4.2. Conclusions Regarding the Fuel Failure Incident 

This investigation, performed independently from the Atomics International (AI) 

investigation, relied upon descriptions of events and data contained in the reports 

generated by AI, as well as experimental data obtained by A1 and other industry groups 

as it related to fuel behavior during the events of July, 1959. The curie balance for 

~e~~~ and 113' as obtained by this investigation are summarized in Figure 1.1. 

The basic conclusions reached in this investigation were as follows: 

+ The A1 conclusions that fuel damage was caused by thermal cycling and fuel 

swelling is supported by industry experience with natural uranium fuel. 

+ Industry experimental data and plant operational data support the conclusion that 

radioactive iodine was either retained in the fuel or in the coolant. 

,. + The AI conclusion that no radioactive iodine was released from the site is 

supported by this investigation and data collected at the time of the incident. 

+ The majority of fuel damage occurred between July 22 and 24, which is after the 

date that the vent header alignment was confumed to be to the holdup tanks. 



+ The release fraction for noble gases was determined to be 1.5% of the core 

inventory. 

+ The releases of radioactive gas were retained in the holdup tanks for decay prior 

to discharge to the environment. 

+ The increase in radiation levels noted on July 12 in the high bay area were most 

likely due to activation of the nitrogen injected into the cover gas between Runs 13 and 

14; not as a result of fuel cladding ruptures as postulated by A1 in their Interim Report. 

+ The source of the stack monitor increase on July 12 and 15 was most likely due to 

an inadvertent valve alignment of the fuel handling cask vent, which was limited in 

duration. Only noble gases were released by this pathway. 





2. Design of the Sodium Reactor Experiment 

2.1. Overview 

The purpose of the Sodium Reactor Experiment (SRE) was to generally demonstrate the 

feasibility of a sodium-cooled reactor as a heat source for a commercial power reactor to 

produce electricity. A secondary objective was to obtain operational data on slightly 

enriched uranium metallic fuel and uranium thorium fuel mixtures. The SRE was 

operated from April, 1957 until February, 1964, and provided the basis for commercial 

nuclear power development. The Sodium Reactor Experiment site is located 30 miles 

northwest of downtown Los Angeles, approximately 6 miles west of Chatsworth and 3 

miles south of Santa Susana, California. The site is situated in the Simi Hills, and was 

part of a larger research complex built as a joint effort of Atomics International, 

Rocketdyne, and the Atomic Energy Commission. [Ref. 5 ,  PP 11 

Figure 2.1 shows the principal buildings of the SRE and their relationship to site north. 

The reactor building is identified as Building 143, and the other buildings relevant to this 

study include the liquid and gaseous waste holdup systems in Building 653, and the 

primary sodium fill tank and system in Building 753. 

The elevation of the reactor building is approximately 1850 ft. above sea level. The 

maximum elevation of the Sirni Hills is about 2400 ft, while the San Fernando Valley 

floor and the Simi Valley floor is approximately 900 ft. 

2.2. Reactor Building 

The Reactor Building is the main building of the SRE, consisting of a high bay area, a 

side bay area and hot cell facility. Figure 2.2 shows the reactor building and some of its 

internal features. The side bay contains the control room, administrative offices, electrical 

shop, and air conditioning equipment. The high bay area, so-called because of the 

elevated roof, contains the reactor and its primary and auxiliary coolant systems, new fuel 

storage, irradiated fuel storage area, a he1 handling machine, and a second moderator 

handling machine slightly larger than the fuel handling machine which handles the larger 

graphite moderator cans. 



Figure 2.3 shows the floor plan of the reactor building. The reactor, primary sodium 

coolant loops and irradiated fuel storage area are located below ground. The reactor 

building floor is mostly clear except for control rod drive mechanisms over the reactor 

and pump motors over the coolant galleries. A 75 ton bridge crane spans the high bay 

area to move and position the fuel handling machine and other heavy equipment related 

to the reactor. The high bay area is normally kept at a negative pressure, to avoid 

potential air leakage out of the building. The high bay area is windowless with weather- 

stripped or gasketed access doors to inhibit air leakage into the high bay area from other 

building spaces. 

A side bay area, adjacent to the high bay area, houses reactor experimental facilities, the 

reactor control room, electrical distribution equipment, instrument storage and 

maintenance facilities, inert atmosphere systems, and the administration offices. 

The hot cell area is an underground area located adjacent to the high bay area. The hot 

cells are used for examination, dismantling and preparation of irradiated fuel elements for 

final processing. 

2.2.1. Reactor System 

The SRE reactor was designed as a low pressure sodium-cooled reactor using slightly 

enriched uranium fuel. The reactor, shown in Figure 2.4, contains the active core 

approximately 18 feet below the surface of the reactor building floor. Liquid sodium fills 

the reactor vessel and passes from the bottom of the reactor vessel to the top sodium pool 

during power operation. The reactor has heaters in the bottom of the vessel to keep the 

sodium in a liquid state when the reactor is not in operation. Above the core, the liquid 

sodium collects in an open volume called the "pool". The pool allows mixing of the 

sodium that has passed through the fuel assemblies and the moderator cans so that a more 

uniform temperature exist prior to passing through the heat exchangers in the cooling 

circuits. 

As the sodium passes through the core, some of the sodium atoms absorb neutrons and 

become radioactive. This process is called "coolant activation". The principal radioactive 

sodium isotope is ~ a ~ ~ ,  with a half-life of 15.02 hours. In order to keep the radioactive 

material contained in shielded areas away from plant personnel, the cooling loops are 



divided into two systems - the primary sodium loop and the secondary sodium loop. The 

primary sodium loop passes through the core where it absorbs heat fiom the reactor, and 

then to a heat transfer component called an intermediate heat exchanger, where it 

transfers its heat to the secondary sodium loop. The cooling systems are shown in the 

schematic diagram, Figure 2.5. The secondary sodium loop, which does not contain 

radioactive sodium, transfers the heat to the steam generator to produce steam for the 

turbine, or transfers the heat to the main airblast heat exchanger, where large fans cool 

the coolant before it goes back to the heat exchanger to pick up more heat. 

An auxiliary system is provided for low-power operation, in which a smaller primary 

sodium loop transfers heat to an auxiliary intermediate heat exchanger, and a non- 

radioactive sodium loop then transfers the heat to an airblast heat exchanger located on 

the roof of the reactor building. 

Piping between the reactor and heat exchangers inside the reactor building are contained 

in concrete passages called "galleries" which are filled with an inert nitrogen gas system. 

This was a precaution to prevent oxygen contamination of the liquid sodium, and to 

prevent possible fires fiom water vapor reacting with the sodium in the event of a leak. 

During the performance of this study, it was convenient to refer to the design parameters 

of the SRE. Table 2.1 contains the relevant data of the SRE reactor design. [Refs. 2,3,36,43] 



Table 2.1 

SRE Reactor and Fuel Design Parameters 

Reactor 

Design Heat Output (Mwt) 

Coolant Inlet Temperature (OF) 

Coolant Outlet Temperature (OF) 

Core Operating Pressure Cpsig) 

Reactor Vessel Mechanical Design 

Liner Diameter ( Ft-In) 

Liner Height (ft) 

Liner Thickness (in) 

Material 

Reactor Core 

Fuel Loading (kg U-235) 

Fuel Loading (kg U-238) 

Average Neutron Flux (20 ~w~)(dcrn~-sec)  

Enrichment (wt % U-235) 

Size @a. x Height) 



Table 2.1 (Cont'd) 

Control and Safety Rods 

Number 

Shim 

Regulating 

Safety 

Poison 

Total Rod Worth 

Sodium Primary Coolant 

Mass Wg) 

Flow Rate (ftkec) 

Sodium Melting Point ("F) 

Sodium Boiling Point ("F) 

Fuel Elements 

Fuel Slug Dia. (In) 

Fuel Slug Length (In.) 

Fuel Slugs per Rod 

RodsElement 

Total Number of Slugs 

Total Number Fuel Assemblies 

Cladding Material 

Cladding Thickness 

Cladding Dia. (In) 



Table 2.1 (Cont'd) 

Cladding Gap Material 

NaK Melting Point (OF) 

NaK Boiling Point ("F) 

Cover Gas Volume 

Core Tank Cover Gas (ft3) 

Primary Fill Tank (ft3) 

Reactor High Bay Volume (ft3) 

Gaseous Waste Holdup Tanks 

Number 

Volume (ft3) 

Capacity (ft3 @ 1 00 psia) 



2.2.1.1. SRE Reactor Structure 

The SRE was an experimental reactor built in place, rather than a fabricated steel reactor 

vessel found in today's power reactors. Instead, the SRE reactor was built in place below 

grade and was designed such that the outer tank would contain the liquid sodium in the 

unlikely event of catastrophic failure of the core tank. The design utilized sodium as a 

coolant, so that high pressure water systems would not be required. With low pressure 

systems, there was no need for a containment vessel to contain the energy released in a 

hypothetical accident. 

Figure 2.6 shows the cross-sectional view of the reactor, and following the order of 

construction, i.e., from the outside in toward the reactor fuel, the reactor structure consists 

of three concentric tanks, 

+ the cavity liner, 

+ the outer tank , and 

+ the core tank. 

Each of the main components of the reactor is described below. There are descriptions of 

the top shield plug and the core cover gas region, which are relevant to the events that 

occurred during Run 14 at the SRE. 

2.2.1.1.1. Cavity Liner 

The cavity liner is the outermost containment vessel in the reactor structure. The tank is 

constructed of 1/4 inch thick carbon steel. The tank is 23 feet high and 14 feet 8 inches in 

diameter. Around the outer edge of the cavity liner and across the bottom of the cavity 

liner are 28 evenly spaced 1 inch diameter cooling circuits. The cavity liner is attached to 

4 ft thick high density concrete by anchor bolts embedded in the concrete. The concrete 

forms a biological shield and forms the major support structure for the reactor structure. 

The cavity liner extends to the reactor operating floor, and is stepped to accommodate the 

reactor loading face shield assembly. [Re'. 6,q 



2.2.1.1.2. Outer Tank 

The outer tank is made of % inch thick low alloy steel, and is 18 feet 1 1 inches high and 

is 12 feet 6 inches in diameter. It rest on four concentric rings 21 % inches high, which 

are supported by cavity liner support plates. The outer tank is sealed to the cavity liner at 

an elevation near the top of the outer tank by a welded bellows seal, shown as an 

"accordion" shaped object 11 inches high just below the 13 reflector plates underneath 

the top shield plug. The bellows seal is constructed of Type 347 stainless steel and is 12 

feet 6 inches in diameter. 

The cavity liner and the outer tank serve as a secondary sodium containment vessel. 

Insulating blocks are placed in the annulus between the cavity liner and the outer tank to 

provide insulation for the reactor. The annulus space between the cavity liner and the 

outer tank is called the "insulation cavity", and contains an inert nitrogen cover gas to 

prevent the sodium from coming into contact with oxygen in event of a sodium leak into 

the volume. The insulation cavity is sized such that in the event of a sodium leak that 

breaches the core tank and the outer tank, the sodium level will remain above the active 

core region. me&. 6,7] 

2.2.1.1.3. Core Tank 

The inner tank, referred to as the core tank, is 1 '/z inches thick and constructed of Type 

304 stainless steel. The core tank is 11 feet 3 inches in diameter. 

The annulus between the core tank and the outer tank contains the side thermal shield, 

which consists of seven 5 !h inch thick interlocking rings. The overall height of the 

interlocking rings is 19 feet 11 inches. The inner diameter of the rings is 1 1 feet 6 inches. 

The core tank rests on the bottom of the outer tank. The core tank is sealed to the cavity 

tank at the top by a bellows seal, just as the outer tank was sealed to the cavity liner. 

The annulus between the core tank and the outer tank is called the "core cavity". The core 

cavity contains stagnant sodium coolant adjacent to the core tank wall, and thereby 

relieves thermal stresses caused by thermal expansion or uneven heating. There is an 

open space above the sodium in the annulus to allow for thermal expansion of the 

sodium. The space is filled with an inert helium atmosphere just as inside the core tank. 



The helium pressure is maintained at 3 psig to reduce stresses. There is some activation 

of the sodium in the core cavity, and therefore the vents for this volume are considered 

contaminated. The core cavity volume does not communicate with the cover gas in the 

core tank above the reactor core. 

The main and auxiliary cooling piping and moderator cooling piping pass through the 

core tank wall at an elevation just above the top of the moderator elements. Some of the 

outer moderator elements are modified to allow the coolant piping to be routed down to 

the lower plenum. The coolant inlet and outlet piping is contained within double walled 

piping sleeves sealed with a bellows at the cavity liner and extending into the core tank. 

The double walled piping provides for thermal expansion of the sodium coolant piping, 

while maintaining the barriers of the outer tank and core tank. The double walled piping 

also acts as a bamer to keep the "cold" sodium fiom mixing with the "hot" core sodium 

in event of a coolant pipe leak. At the same time, the double walled pipe provides a 

thermal barrier between the "cold" coolant and the "hot" sodium in the core tank. A 

helium atmosphere is maintained in the double walled pipe, also. me&. 6,7] 

2.2.1.1.4. Top Shield Plug 

One of the unique features of the SIZE reactor design is the rotatable shield plug at the top 

of the reactor. The shield plug fits inside the "ring shield" as shown in Figure 2.7. The 

ring shield is 71 -518 inches high, with a 16 ft. outside diameter and 12 ft. inside diameter 

at the top. The inside section is stepped to prevent radiation streaming fiom the core 

region, and to provide physical support for the shield plug. The shield plug is 140 inches 

in diameter at the top and is made of high density concrete. The plug weighs 

approximately 75 tons. The plug has Type 304 stainless steel casing at all surfaces that 

may come into contact with sodium or the helium cover gas. There are 8 1 small plugs 

that extend through the shield plug. In addition, there are two 40 inch plugs and one 20 

inch plug. These plugs are arranged so that by rotating the top shield plug, any moderator 

assembly may be removed from the core tank. 

The openings for the 81 small plugs have stainless steel sleeves that are seal welded to 

the bottom shield plug plate for cover gas containment, and to the loading face shield at 

the top. Access to any one of the moderator cans with a central channel containing he1 



assemblies or instrumentation can be made through the small plug openings by using the 

fuel handling cask. 

Thermal protection is provided on the bottom of the shield plug by 13 reflector plates 

attached to the bottom of the top shield plug. Cooling circuits are built into the concrete 

using kerosene as a coolant to aid in temperature control. 

All plugs are sealed by two O-rings compressed between the plug and the casing near the 

top of the shield plug. Another gasket, compressed by a retaining ring, is incorporated in 

the top lip of each shield plug. The retaining ring may be removed and the gasket 

serviced without removal of the shield plug. 

2.2.1.1.5. Grid Plate 

Mounted 18 inches above the bottom of the core tank is the grid plate which has holes 

drilled into it at each fuel assembly location. It also has indentations to position the 

moderator cans. The grid plate is 135 inches in diameter and is made of type 304 stainless 

steel. The purpose of the grid plate is to support the active core region and to provide 

flow distribution for the coolant that passes up through the active core past the fuel 

assemblies, and to provide a barrier between the moderator coolant and the primary 

coolant. 

The primary coolant flow is directed to the bottom of the core tank, and then passes up 

through the active core via holes drilled into the grid plate as shown in Figure 2.8. The 

moderator coolant travels between the top of the grid plate and the bottom of the 

moderators assemblies and then up through the moderator cans through the moderator 

cooling channels. Figure 2.8 does not show all of the coolant channels, but is intended to 

show the flow path for the moderator and primary sodium coolant. The "outlet plenum" is 

simply a pool of sodium at the top of the active core where the primary sodium and 

moderator coolant collect before passing out of the core tank through the coolant outlet 
pipes. Be&. 6>71 

2.2.1.1.6. Cover Gas Volume 

The space above the active core and sodium pool inside the core tank and below the 

shield plug is a helium filled region known as the "cover gas". This gas volume allows 



the sodium to expand and contract with changes in temperature during reactor operation. 

Helium was chosen as a cover gas because it does not become activated by neutrons from 

the core. Helium is also used as a cover gas over the primary sodium fill tank. The 

sodium fill tank cover gas volume and reactor cover gas volume are considered as the 

primary cover gas system. The fill tank and reactor cover gas volumes are connected by a 

2 inch pipe, shown in Figure 2.6 as the "crook neck" pipe identified as "Fill Tank Vent 

Line". The cover gas is normally maintained at 2-3 psig pressure in order to prevent 

primary sodium pump cavitation. pef. 8,9,10] 

When a decrease in pressure is required to the cover gas, the reactor cover gas may be 

vented to the waste gas decay tanks located north of the reactor building. Makeup gas and 

helium used to increase pressure of the cover gas are provided by the helium supply 

system, stored in steel bottles located outside the reactor building. 

2.2.1.2. Active Core 

As shown in Figure 2.6, the reactor core is located inside the core tank, and is made up of 

a matrix of hexagonally shaped moderator cans which contain control elements, uranium 

fuel assemblies, and temperature and sodium level measurement devices. Figure 2.9 

shows a top view of the core, and identifies the location of fuel elements in the core. 

The primary structural elements of the active core are the moderator assemblies, called 

moderator cans, which contain the graphite moderator. The purpose of the moderator in a 

nuclear reactor is to slow down the neutrons given off in the fission process to a speed 

where they can be absorbed by other uranium atoms, and thereby get better "mileage" out 

of the uranium fuel. At the outer edges of the core are "reflector cans", whose purpose is 

to bounce back the neutrons that reach the outer edge of the core before the neutrons 

escape the core region. The reflector cans do not have coolant channels through the 

center of the can, as do the moderator cans. 

The moderatorlreflector cans are slightly less than 1 1 inches across the flat part of the 

hexagon, and the spacing between cans is 1 1 inches on center. This spacing is sufficient 

to provide a gap of approximately 0.17 inches between cans to allow coolant to flow 

between the cans to remove heat generated in the graphite. 



There are a total of 1 19 cans in the reactor. A diagram of the construction of a moderator 

can is shown in Figure 2.1 0. The moderator cans are approximately 10 feet in height, and 

are wrapped with 0.03 5 inch thick zirconium metal sheets that have "dimples" to help 

maintain clearance between cans. The top and bottom use 0.1 0 inch thick zirconium 

metal sheets. The "wrapper" of zirconium is also referred to as "moderator cladding" as 

opposed to the stainless steel wrapper around the uranium fuel, which is called "fuel rod 

cladding". Sometimes the fuel wrapper is referred to as "cladding". 

The purpose of the cladding is to protect the contents within the wrapper. In the 

moderator, it is necessary to prevent sodium fiom penetrating into the graphite. In the 

case of the fuel, the cladding acts as a barrier to prevent any radioactive fission products 

fiom getting into the sodium coolant. 

Each moderator can has a central channel to allow coolant to flow up through the channel 

to remove heat generated by the nuclear reactions taking place in the uranium fuel. To 

prevent contact between the sodium coolant and the graphite, a 0.035 inch thick 

zirconium tube that is 2.8 inches (inside diameter) is welded to the top and bottom of the 

moderator can. 

When the moderator cans were first built and tested prior to installation in the core, it was 

discovered that gases were given off by the graphite due to impurities in the graphite. As 

the temperzaue was increased, the gases expanded, creating internal stresses on the 

moderator can side walls which could possibly damage the moderator can, or cause it to 

distort its shape and to become stuck in place. IRe" 391 To alleviate this problem, a 

zirconium "vent tube" was built into each moderator can. A zirconium "snorkel tube" is 

attached to the can tops and extends into the cover gas region above the top sodium pool. 

When the moderator cans were manufactured, the snorkel tube and vent tubes were 

sealed with a fusible plug after the can was evacuated and filled with an inert gas. This 

provided gas-tight integrity of the cans until they were installed into an inert atmosphere 

in the reactor. The fusible plug was designed to melt at a temperature of about 450 OF and 

be collected in the "condenser cup" shown in Figure 2.10. The purpose of the cup is to 

collect any sodium vapor which might pass down the snorkel tube. By this design, any 

pressure built up inside the moderator can during operation in the reactor could relieve 



itself to the cover gas region and prevent damage to the moderator can. The tube is only 

open at the bottom of the moderator can and at the end of the snorkel tube in the cover 

The bottom of the moderator cans are equipped with a socket adapter that mates with the 

grid plate located in the bottom of the reactor. A spherical step on the socket fits into a 

tapered dimple in the grid plate and thereby restricts moderator coolant fkom passing 

through the grid plate. The adapter contains slots to allow the coolant in the moderator 

plenum to travel up the moderator coolant channels. Similarly, the fuel channel adapters 

are open at the bottom, and sealed at the moderator plenum section, thereby allow only 

sodium coolant to pass into the fuel channel. [Refs. 2,6,7] 

2.2.1.2.1. Fuel Elements 

Core I of the SRE contained a total of 43 fuel elements, also referred to as assemblies. A 

typical fuel assembly is shown in Figure 2.11. A basic fuel assembly is made up of the 

fuel rods, a hanger rod with hold-down tube, an orifice plate, and retaining hardware with 

guide vanes. The fuel assembly is attached to a shield plug, lowered through openings in 

the reactor top shield, and inserted into the core region of the reactor. 

Each fuel element consists of 7 rods containing 12 uranium fuel slugs, making up the fuel 

element. The walls of fuel rods are 0.10 inch wall thick, and are also referred to as 'Ifuel 

cladding". The 12 fuel slugs are ?4 inches in diameter, six inches long, and are held in 

place by a sodium-potassium compound called "NaK". (An acronym made up of the 

chemical symbols for the two elements, which come from their latin names - sodium 

[Natrium] and potassium [Kalium].) The NaK fills the annulus between the uranium fuel 

and the stainless steel cladding. The six outside rods of the fuel element are spirally 

wrapped with stainless steel wire to prevent the rods fkom touching each other or the 

coolant tube in the moderator can. [Ref. 121 

At the top of each fuel element is a gas space of 1 10 cubic centimeters (cc) for thermal 

expansion of the NaK, and for collecting radioactive fission gases which may not be 

retained in the fuel during irradiation in the reactor. Fission gases collected in the annulus 

or gas space of each fuel rod are also referred to as the "gap activity". 



Each fuel element has an adapter on the bottom end which serves as a guide for placing 

the assembly and also has an orifice plate to limit the sodium flow through that particular 

channel. The purpose of the orifice plate is to adjust the flow through each coolant 

channel to provide an even temperature distribution across the width of the core. The 

center of the core has the highest neutron population, and therefore the highest heating 

rate. By adjusting the flow rate through individual fuel channels, it is possible to change 

the amount of heat removed in each individual fuel channel, and thereby attain a more 

uniform exit temperature across the diameter of the core. The flow rate through the center 

of the core is designed to be 5 feet per second in order to remove a large quantity of heat, 

while at the outside edge flow rate might be much less, in order to keep the temperature 

at the edge of the core closer to that at the center. [Refs. 2,6,7] 

2.2.1.2.2. Safety Control Rods 

There are 4 safety control rods that perform a safety shutdown function called a reactor 

"scram". A scram is an automatic shutdown of the reactor by dropping the safety control 

rods into the core. Normally, the automatic control circuits initiate a reactor scram, but 

the operator may also initiate a scram from the reactor control console. The safety control 

rods contain an alloy of boron and nickel. Boron is an excellent absorber of neutrons, and 

is used in reactors to provide a neutron "sponge" function. The safety rods are contained 

in a stainless steel pull tube contained within a thimble assembly that extends fiom the 

top service area of the rotatable shield plug to just below the active region of the core. 

The pull tube is raised or lowered from the reactor core by means of a screw and-nut 

arrangement. The nut, attached to the pull tube, is prevented from moving by guides that 

move in flutes machined into the wall of the thimble assembly above the core. A control 

rod drive motor located on top of the shield plug turns a screw which rotates through the 

nut, raising or lowering the pull tube. 

The safety rods are operated by a high-speed drive that retracts the pull tube at 3.75 

ftlmin. A "hold" magnet is built into the thimble which can be released at any time during 

retraction from the core or after 1 1 1  withdrawal. When the magnet is disengaged, such as 

by a scram signal, the safety rods fall into the core by gravity. 

[Ref. 21 The safety rods are fully withdrawn prior to reactor startup. . 



2.2.1.2.3. Shim and Regulating Control Rods 

There are 2 control rods that provide a "shim "or very fine adjustment to the neutron 

population in the core. Two other control rods provide "regulating" adjustments. The 

shim rods and regulating rods also contain boron-nickel alloy. 

The shim rods have dual speed drive motors that produce 0.29 Wmin for fine control rod 

adjustments. The regulating rods have "high speed" travel at 3.75 ft/min. The high speed 

drives are prevented fiom traveling more than 7 inches in either direction by the 

automatic control system. The operator may move the rods in or out in a shutdown or 

startup operation by pressing a switch on the control console. The shim rod and 

regulating rods do not provide a scram hct ion.  

The shim rods and regulating rods are the main control mechanism for bringing the 

reactor to initial criticality during startup. Increase or decrease of their position in the 

core during power operation regulates the neutron population in the active core. The shim 

rods and regulating rods are never fully withdrawn from the core, as are the safety control 

rods. IRe" 21 



2.3. Support Systems and Equipment 

2.3.1. Fuel Handling Cask 

Provisions are made to remove a fuel assembly for examination and to insert 

experimental assemblies into the active core region when the reactor is shut down by use 

of a machine called the fuel handling cask. The SRE documents and drawings may also 

refer to the cask as the Fuel Handling Machine (FHM) or "coffin". 

The fuel handling cask is 35 feet high, weighs 50 tons, and is moved around the reactor 

high bay area by the overhead 75 ton capacity crane. It is a lead-lined shielded device, 

which contains hoisting devices used for fuel assemblies and other reactor components. 

Difficulty in fuel assembly removal is compounded by the fact that an inert atmosphere 

must be established and maintained during all fuel handling operations. This requires that 

the cask form a gas-tight seal to the top shield to prevent oxygen fiom reacting with the 

sodium coolant, and as a precaution to prevent a sodium fire in the reactor. 

A schematic diagram of the operational configuration of the fuel handling cask is shown 

in Figure 2.12. Access to the core is made by first removing the retainer ring and gasket 

and any electrical or instrument connections on the particular shield plug. The fuel 

handling cask is then positioned over the shield plug. The cask is positioned by marks on 

the reactor loading face to provide an accurate positioning. A pneumatic ram inside the 

cask pushes down on the shield plug to seat the O-rings tightly. Then a lead shield skirt is 

pneumatically lowered down to the top shield surface. A gas lock at the lower end of the 

cask, where the seal has been made to the shield casing, is then evacuated by means of a 

vacuum pump. After verification of a gas-tight seal, helium is admitted into the cask, and 

the cask is pressurized to 3 psig. The exhaust of the vacuum pump is connected to header 

506 in the reactor building through a flexible hose connection. Normally, header 506 is 

connected to the suction tank, and any gases collected during operation of the fuel 

handling cask are drawn into the holdup tanks by the waste gas compressors. 

Once the pressure is equalized between the reactor cover gas and the fuel handling cask, 

the planned operation is ready to be performed. If a fuel assembly is to be removed, for 

example, one of two grappling devices is lowered and attaches to the fuel assembly's 

shield plug. After latching onto the shield plug, the plug and assembly are lifted up into 



the cask. A rotating device in the cask turns 180 degrees to store the old assembly while 

simultaneously placing the new assembly in position for insertion into the core. Each 

assembly is attached to its own individual shield plug, and records are kept so that each 

assembly's location in the core may be checked by referring to the shield plug number 

assigned to that assembly. After the new assembly is placed in the core, the grappling 

mechanism is retracted into the cask, and the pneumatic latching device then presses 

down on the O-ring seal, and evacuates the cask again to purge any radioactive gases. 

Fresh helium is drawn into the gas lock. The lead skirt is raised, and the gas lock seal is 

broken to the shield casing. The cask is now free to transport the assembly to the fuel 

storage area, or to move to a new position. p e f  6, 111 

2.3.2. Radioactive Vent Systems 

Gases used for cover gas in sodium systems, such as the reactor and fuel assembly wash 

cells, are potentially radioactive. The design of the SRE was to collect all such gases in a 

tank, compress the gases and put them in a gas holdup tank until they had decayed 

sufficiently to allow discharge to the environment. The radioactive vent system is 

designed to collect such gases, and collects all potentially radioactive gases fiom the 

plant. 

A schematic diagram of the Vent Gas System is shown in Figure 2.13. The Vent Gas 

System, actually consists of two separate systems upstream of the suction tank. Helium 

cover gas is used for all areas that might be directly exposed to a free sodium surface. A 

nitrogen cover gas is used for all areas that required a cover gas, but is not in direct 

contact with sodium. pe f .  15,2] 

Figure 2.13 is a simplified diagram of the vent system as it existed in July, 1959, as could 

best be determined from available records. Appendix B contains the main figures fiom 

which Figure 2.13 was derived, together with excerpts from operating procedures and 

valve lists for the vent system and documents that provided abbreviated diagrams of the 

system. 

The helium supply system supplies helium to all components and systems that contain 

sodium or can potentially come into contact with sodium used in the reactor. The 

nitrogen supply system provides nitrogen to all other components and systems that must 



have an inert environment. This includes vaults, which are sealed equipment 

compartments. 

The waste gas vent system collects, directs and removes gas from two sources - those 

that are 'probably" contaminated, and those which are ''possibly" contaminated. The vent 

gas headers are separated according to their potential contamination. The gas sources 

were described as follows: mef. 151 

A. Normally Containing Radioactivity 

+ Reactor and primary fill tank cover gas 

+ Primary system cold traps and vents 

+ Cleaning cell vents 

+ Fuel Handling Cask service connections 

+ Radioactive liquid waste holdup tank vents 

+ Hot cell radioactive gas service connections 

+ Hot trap vents 

B. Normally Non-radioactive 

+ Primary system pump vents 

+ Reactor Drain line freeze b-ap vents 

+ Helium supply system relief valves for following: 

Block valves 

Double walled pipes 

Control & safety rods 

Disposable cold traps 

Core tank cavity 

Main & aux piping and equipment 

+ Nitrogen supply system relief valves as follows: 



Main & auxiliary primary system galleries 

Fill tank vault 

Disposable cold trap vault 

Insulation cavity 

+ Nitrogen System Gallery atmosphere discharge 

+ Insulation cavity vent (normally closed) 

+ Core tank cavity vent (normally closed) 

+ Block valve vents (normally closed) 

+ Double walled pipe vents (normally closed) 

+ New he1 storage cells 

The Vent Gas System consists of five major headers, the vent compressor area, and the 

waste gas decay tanks. Each portion of the system is described below. It is suggested to 

refer to Figure 2.13 for an understanding of the vent gas system. 

2.3.2.1. Header 492 

Header 492 is the relief valve collection header for all primary systems using helium in 

the pressure control stations.lRef 61 Relief valves are provided to prevent overfilling of the 

blanket gas in various components and areas. Header 492 is connected to the following: 

+ reactor insulation cavity relief valves, 

+ core cavity relief valves, 

+ primary cold trap relief valve, 

+ auxiliary double wall pipe relief valves, 

+ safety rod relief valve, 

+ shim rod relief valve, 

+ main double wall pipe relief valve, 

6 main gallery relief valve, 



+ primary fill tank vault relief valve, 

+ sodium service vault relief valve, 

+ auxiliary gallery relief valve, 

+ NaK system relief valve. 

Some system vents may also be opened to Header 492 via manually operated valves 

during initial startup operations. These valves are normally closed during power 

operation. When the vent is opened, there is helium flow through the supply system. 

When the vents are closed, there is no longer any gas flow through the system, and the 

system is confirmed closed. Header 492 also is used to vent the following components 

via manually operated valves: 

+ reactor insulation cavity vent, 

+ core tank cavity vent, 

+ Valve V 104 vent, 

+ auxiliary double wall pipe vent, 

+ main double wall pipe vent, 

+ hot trap A&B freeze trap vents, 

+ primary cold trap vent. 

Header 492 is divided into two sections in the reactor bui!ding - the high bay branch 

header (490) and the secondary branch header (489). These two headers join Header 492 

at the northwest comer of the reactor building which continues underground to the 

compressor suction tank. North of the primary fill tank vault, branch header 375 (gallery 

and primary fill tank vault relief valves) joins Header 492. 

A main block valve, V492C, is installed in Header 492 before the suction tank and is 

located in the valve pit south of the compressor vault. The block valve is used to isolate 

Header 492 from the suction tank when the reactor is not operating. Normally, the block 

valve is open when the reactor is at power. 



Header 492 normally does not have flow through the pipe, and is provided as a pathway 

for the relief valves to vent to the suction tank when the reactor is at power. 

2.3.2.2. Header 497 

Header 497 is the header that services the reactor cover gas and primary fill tank 

atmospheres. Vent line 496 connects the primary fill tank to the reactor cover gas volume 

through a vapor trap, and contains isolation valve 496. Valve 496 and valve 137 are 

normally open during power operation. pef. 16,q 

Header 497 is connected to the following: 

+ Reactor and primary fill tank cover gas 

+ Primary fill tank relief valves and vents 

+ Primary system cold traps and vents 

+ Hot trap vents 

+ Disposable cold traps and vents 

2.3.2.3. Header 506 

Header 506 serves as a vent for the liquid waste system and also the reactor high bay area 

four vent connections for the fuel handling machine. The four vent connections are 

located on the east and west side of the loading face, west of the storage cells, and south 

of the wash cells. From the wash cell area, the header goes underground to the 

radioactive sump tank, and terminates at the compressor suction tank. It is connected to 

the bottom of the compressor suction tank, since it serves as a drain for the suction tank 

and compressor system. [Ref. 61 

Header 506 is connected to the following: 

+ Fuel Handling Cask service connections 

+ Liquid waste vents 

+ New fuel storage cells 



+ Cleaning cell vents 

+ Radioactive liquid sump tank vent 

+ Compressor suction tank drain (normally closed) 

Header 506 has a bypass around the waste gas suction tank such that vent gases may go 

directly to the stack. An inline radiation detector monitors for radioactivity, and a 

solenoid valve diverts any radioactive gases to the suction tank and subsequently to the 

waste gas holdup tanks if the gases exceed a preset limit. 

2.3.2.4. Header 520 

Vent Header 520 is the vent header for the disposal of radioactive gases resulting from 

hot cell operation. This header is closed unless the hot cells are in operation. Opening and 

operation of the hot cells requires the approval of the shift supervisor, and is controlled 

by procedure SRE-4 1 5. 

Header 520 had no impact or involvement with the fuel damage incident of Run 14. 

2.3.2.5. Header 526 

Header 526 is the vent header for the helium supply system. It provides for relief of the 

main primary piping helium pressure control stations and the auxiliary helium pressure 

control stations. 

Header 526 was not involved in the events associated with Run 14 of the SRE. 

2.3.3. Waste Gas Compressors and Decay Tanks 

Gases that are considered potentially radioactive, e.g., headers 492 and 497 are routed to 

a "suction tank" located approximately 170 feet north of the reactor building in a shielded 

pit.CRef. AS shown in Figure 2.13, two compressors take suction on the suction tank and 

force the gas into one of four decay tanks. The suction tank is maintained at a negative 

pressure of -1.5 to -4 psig, so that it provides sufficient vacuum to always induce flow 

from the connected headers. The negative pressure also ensures that any leakage is into 

the vent system. Should the compressor tank start to lose vacuum, one or both 

compressors automatically start. If both compressors cannot maintain vacuum, and the 



pressure reaches a pressure of -0.3 psig, an alarm sounds (BHFA602) in the control 

room. [ See Dwgs. Appendix B] 

The compressors operate individually, but are set to switch duty so that each compressor 

operates an equal amount of time. By selection of valves, the operators may choose 

which holdup tank the compressors will fill. Each holdup tank holds 2700 standard cubic 

feet of gas at 100 psig. The tanks are monitored by health physics personnel, who sample 

the contents, and when the radioactive gases have decayed to a sufficient level, a 

calculation is done to determine the release rate for the tank, and the tank is then vented 

to the atmosphere via the plant stack. 

2.3.4. Plant Stack 

The plant stack is the release point for the vent system, including the decay tanks. The 

stack is 3 feet in diameter. When venting a decay tank is required, the tank is vented 

through line 537, as shown in Figure 2.13. The rate of discharge is monitored and a 

25,000 cfm dilution fan fwther reduce the concentration of gases released to the 

environment. Records indicate that the normal release rate from a decay tank is 145 cubic 

feet per hour (approximately 2.5 Lower flow rates may be used if the activity 

is higher. 

The gas in the stack is also monitored for radioactivity by a radiation detector which 

draws a small flow out of the stack and checks the level of radioactivity. Preset limits are 

built into the detection system, and if the limits are exceeded, the system closes solenoid 

valve SV-604, which terminates the discharge from the decay tank. The limit for the 

stack monitor is 5.0x10-~ pCiIcc [Ref. 231 The monitoring point is 12 feet above the vent 

line entry point. 

The original design of the SRE vent system included the capability for individual vent 

lines to go directly to the stack, and radiation detectors in the individual lines would 

automatically divert the flow from the stack to the suction tank if radioactivity was 

detected in the vent. The problem with this design was that when such a signal was 

received, the solenoid valve required to open to the suction tank would stick closed, and 

the venting would be terminated. Relief valves were then added to the vent system, to 

prevent overpressurization of a vent line when the vent line was being filled by operation 



of the helidnitrogen supply system and the solenoid valve failed to open. In December, 

1957, recommendations were made to install a bypass line around the radiation monitors. 

With the bypass open, the alignment of the vent lines in "Category A" discussed in 

Section 2.2.2. were to the suction tank. [Ref. 111 The problems with the automated vent 

system were thus solved by the administrative directive that all vent headers were to be 

aligned to the suction tank for normal operation. [Re&. 5,7,8,9,11,13,14,16,28] 

2.3.5. Reactor Building Ventilation 

The reactor building ventilation system is designed to move air toward potentially 

contaminated areas. This is accomplished by keeping the hot cell area and the reactor 

high bay area pressure more negative than the contiguous air spaces, such as the 

conference room, control room and administrative offices. Makeup air is brought in fiom 

the outside, combined with recirculated air in the offices and control room to maintain a 

positive pressure with respect to the potentially contaminated areas. Independent of the 

makeup air to the administrative areas, 5 air changes an hour are brought into the high 

bay area through roughmg filters in the low bay roof and is discharged into the high bay 

volume. The two high bay supply fans are rated at 7500 s c h  and are equipped with 

dampers to maintain the negative pressure required. Two Exhaust fans in the high bay 

area are located on the reactor building roof, and draw air out of the building at 12,000 

scfin each. Interlocks in the ventilation system prevent the supply fans fiom starting 

unless the exhaust fans are already running, in order to prevent pressurization of the 

reactor building. 

The original design included filters on the reactor building roof to remove particulate 

material, but the system was continually compromised by water vapor collecting in the 

filters. The filter system was eventually bypassed entirely. 

The high bay area ventilation exhausts directly to the environment, and not through the 

plant stack. 
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3. Sequence of Operating Events Prior to Run 14 

Operation of the SRE has been described by specific periods of operation of the reactor 

called "Runs", which were planned experiments with defined objectives. The overall 

objective of the SRE was to demonstrate the feasibility of a sodium-cooled reactor as a 

heat source for generation of electricity. Another objective was to gain experimental data 

and operating experience on natural uranium fuel and various uranium alloys. Table 3.1 

shows a summary of the SRE power history, including dates of operation and irradiation 

history of the core. 

A reactor is said to be "criticar' when the uranium fission process in the core produces as 

many neutrons as it loses by various processes, and the fission process becomes self- 

sustaining. This milestone for the SRE was reached for the first time on April 27, 1957. 

At this point in the operational history, the reactor was not producing any power, but 

experiments and startup testing of the instrumentation and calibration of control rods was 

begun [Ref. 21 

3.1. Power Runs 1 through 7 

Power Run 1 has been defined as the period July 9,1957 to July 15, 1957. During this 

period, various reactor measurements were made, including measurements of the effect 

of temperature changes on the reactivity of the fuel. Testing of the emergency shutdown 

procedures were also conducted, called "scram" tests. 

Power Run 2 (July 15,1957 - July 26, 1957) dealt with filling the secondary sodium loop 

and connecting the electrical plant to the reactor plant. The SRE had a turbine-generator 

that could be operated by steam produced by heat ffom the reactor. The steam plant was 

operated by Southern California Edison, and first produced electricity on July 12,1957. 

Following this experiment, the reactor was shut down until November, 1957. 

Modifications were made to the systems during this time. [Ref. 21 



Table 3.1 Summary of SRE Power Operation 
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Power Runs 3 -7 also dealt with operation of the reactor/steam turbine operation. Electricity was 

produced during July and November 1957, and May 195 8. Much of the time spent during Runs 3 - 7 
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involved reactor physics measurements. At the end of Run 7, September 25, 1958 , the 

reactor had accumulated a total irradiation of 1 120.8 MWD. pef .  21 (AMWDis 

equivalent to the fissioning, or burnup, of 1 gram of Uranium 235.) 

3.2. Power Runs 8 through 12 

Run 8 (1 1/29/58 - 01/29/59) was marked by problems with oxide content in the primary 

sodium loop. During the time interval between Run 7 and the beginning of Run 8, the 

primary sodium was pumped back and forth several times between the primary loop and 

the primary fill tank. The fill tank was known to contain large amounts of sodium oxide. 
pef .  2 pg.III-I] ~h ese pumping and mixing operations resulted in the introduction of sodium 

oxide into the primary system. Sodium oxide is a very fine whitish-greyish solid, which is 

twice as dense as pure sodium. Eighteen fuel elements were removed from the reactor, 

examined in the SRE hot cell, and reinstalled in the reactor for continued operation. pef .  2 

pg.m-11 

Normally, the difference in temperature between core inlet and outlet primary sodium is 

around 100°F. At the beginning of run 8, some of the exit temperatures were abnormally 

high as compared to the core inlet temperature, which was around 460 OF. The expected 

core exit temperature should have been around 560 OF; instead, some were recorded as 

high as 800 OF and as low as 4 15 OF, which was below the core inlet temperature. pef .  21 

The fact that the core exit temperature thermocouples recorded a temperature at the core 

exit that was lower than the core inlet is an indication that the exit temperature recorders 

were not working correctly, possibly due to oxide buildup. 

The operators attributed the wide spread in temperature differences to flow blockages in 

the coolant channels caused by the high oxide content of the sodium. The reactor was 

shut down, and the sodium coolant was passed through a fine mesh filter called a "cold 

trap" to reduce the sodium oxide content. On December 12, 1958, the fuel assemblies 

from channels 9 and 10 (which had been running hot) were removed from the reactor and 

washed. It was noted that both assemblies had a black residue on their surface before 

washing. IRef. 21 Washing the fuel elements proved to be a successful method for 

improving the temperature problems that they were experiencing. 



Reactor operations were resumed at low power (1-2 MW) until December 18. The 

operators found that raising the reactor power level, and thereby the inlet temperature, 

was also effective in bringing the temperature differences back into an expected range. 

This was due to the sodium oxide going back into solution at the elevated temperatures. 

The operators also found that moving the fuel assemblies up and down about 1 inch or 

less in the process tubes also had a beneficial effect on the outlet temperature. Movement 

of the fuel channel apparently had the effect of dislodging any foreign material fiom the 

fuel element and the orifice plate of the fuel assembly. 

On December 18, reactor power was increased to 12 MW. Primary sodium flow rate was 

increased to help maintain more even outlet temperatures across the reactor outlet. On 

December 19, reactor power was increased to 14 MW, and continued at that level for 

several days. The reactor was shutdown on December 23, to inspect fuel elements. [Ref. 21 

Reactor operations were resumed on December 27, after washing 15 fuel elements. A 

power level of 20 MW was attained on December 28. The operators continued the 

practice of moving the fuel elements to dislodge particles causing flow blockage. 

The fuel channel exit temperature problem continued to improve through the remainder 

of Run 8, until the planned exposure of 600 MWD was achieved. On January 7, a core 

cover gas sample was obtained and analyzed. It was at this time that the first evidence of 

tetraline in the primary sodium loop was found. The account of this discovery was 

reported as: 

"On January 7, a sample of the core cover gas was bubbled through 

cyclohexane and the solution analyzed. Napthalene was identified, 

indicating that tetralin had entered the primary sodium at some earlier 

time. Prior to this analysis, the presence of tetralin in the primary system 

was not suspected. The only known tetralin leak prior to this occurred in 

June 1958 when a crack was found in the bearing housing casting of the 

main primary pump. It is not known if any tetralin had entered the primary 
at that time." [Ref. 2 Pg. nI-31 



Power Run 8 can be summarized as being a period when reactor operations did not go as 

expected. The introduction of sodium oxide into the primary loop with some introduction 

of tetralin into the primary system caused outlet temperatures at the reactor core to vary, 

indicating some interference with heat transfer was taking place. The flow blockage was 

not sufficient to cause automatic reactor scram, or any apparent fuel damage. 

Following Run 8, more fuel elements were removed and washed, and the primary sodium 

was processed through cold traps to get the oxygen level down to less than 5 ppm. 

Run 9 (February 14 - February 26, 1959) was marked by core exit temperatures being 

higher than expected. Run 9 was carried out at power levels of 18-20 MW. Reactor 

shutdowns were done on February 16 and 18 to wash some fuel assemblies. The expected 

burnup of 125 MWD was achieved and the run was terminated on February 29. 

At the end of Run 9, the fuel assembly in core channel 56 was removed and examined. 

The orifice plate had a thin black deposit, indicating the presence of an oxide. 

Run 10 (March 6 - March 7, 1959) was conducted as part of a test on a uranium oxide 

fuel assembly. U02 fuel later became the standard fuel design for light water reactors in 

the United States. There were no unusual circumstances noted in this brief run. 

Run 1 1 (March 16 to April 6, 1959) still showed some problems with core exit 

temperatures during the period March 16 through March 20, while the reactor was at low 

power levek Beginning March 20 through March 23, the reactor power was increased to 

20 MW, and continued at that level until problems with the primary sodium flow caused 

several reactor scrams. The problem with the sodium flow was traced to introduction of 

helium into the primary sodium coolant, causing the primary sodium pumps to cavitate. 
[Ref. 2 PP N-41 ~h e reactor was brought back to 18 MW on March 28. 

A reduction in the temperature differences was noted toward the end of Run 11. During 

the shutdown following Run 1 1,21 fuel assemblies were visually examined with a 

television camera mounted in the fuel handling cask. All 2 1 assemblies were found to be 

in good condition and were returned to the reactor. 

Radiation levels in the main sodium galleries had increased during Run 1 1, but were not 

so high as to prohibit maintenance work from proceeding. [Re' pg. Th e increase in 



radiation levels was due to buildup of fission products in the cold traps, which are very 

fme mesh filters used to remove particulate material fiom the sodium coolant. The 

increase in primary sodium coolant activity was not considered out of the ordinary after 

operating the reactor for the length of time that Run 1 1 consumed. 

Run 12 (May 14 - May 24) was completed without incident. On May 22, a high 

temperature run was conducted in which the reactor outlet temperature was increased to 

1065 OF for a period of about 1 hour with a power level of 6 MW. Following Run 12, a 

core cover gas sample was taken and was analyzed to be 1.7 x 10" pCi/cc. Xenon 

activity had been noticed after lengthy runs and was not considered abnormal, but due to 

pinhole leaks in the fuel cladding, or possibly "tramp" uranium in the primary 

sodium. 

Although the he1 damage incident occurred during Run 14, certain events took place 

during Run 13 which were directly linked with the operational problems that occurred 

during Run 14. 

3.3.1. Temperature Effects 

Power Run 13 covered the time period May 27 to June 3,1959. Following the end of Run 

13, there was a shutdown of approximately a 39 day period before the start of Run 14, 

which began on July 12,1959. Power Run 13 was planned to follow the same power 

history as Run 12, and achieve a burnup of 150 MWD. The run proceeded without 

incident until near the end of the run, when on May 29, a scram occurred due to an 

abnormal sodium flow rate. The reactor was restarted and returned to normal operating 

conditions until 9:00 AM on May 30. At that point, several deviations from normal 

operation started to occur. They were identified as: 

"a) The reactor inlet temperature started a slow rise fiom 545 OF to 580 OF . 
The rise was very slow, extending over a period of about 3 days. 

b) The log mean temperature difference (LMTD) across the intermediate 

heat exchanger started to increase which indicated impaired heat transfer 

characteristics. A rather sharp increase in LMTD occurred on June I. 



c) A thermocouple located in a fuel slug in the element in core channel 67 

showed an increase fiom 860 OF to 945 OF. This change started at 0840 and 

ended at 0900 on May 30. A similar thermocouple in the fuel clement in 

core channel 36 did not show a corresponding increase. 

d) Some of the fuel-channel exit temperatures showed a slight temperature 

increase of about 10 OF. 

e) The moderator delta T chart shows an abrupt jump of about 30°F at 

2230 on May 30. The chart shows fluctuations of about 18°F for the 4 

hours immediately proceeding. Prior to this, it had been quite stable. 

f) The temperature indicated by a thermocouple in a probe located in 

comer channel 16 showed fluctuations of about 30°F. A few hours later, 

this temperature settled down to a steady value. 

g) Although it was not noted at the time because the reactor was on 

automatic control, an examination of the record of shim-rod position 

(made after run 14) showed that a shim-rod motion corresponding to a 

reactivity increase of about 0.3% had occurred. This change in reactivity 

was gradual and extended over a period of about 6 hours. Following this 

the reactivity showed a steady increase of about 0.1 % over the next three 

days of operation. " IRef. pp. m-71 

The log mean temperature dzflerence (LMTD) is a term used to provide an indication of 

the thermodynamic performance of the heat exchanger. This difference is normally about 
75-80 OF rRef. 21 for the intermediate sodium heat exchanger, and an increase in this 

difference is an indication that something is interfering with heat transfer. The 

implication is that the same problem might be occurring in the fuel channels as well. Poor 

heat transfer in the core may lead to excessive fuel heating and possible damage to the 

fuel. Figure 3.1 shows the log mean temperature difference as recorded for the period 

May 30 through June 2. 

Figure 3.2 shows the fuel channel 54 exit temperature for the period May 27 through June 

2. The design temperature outlet temperature is 1000 OF for the SRE. The outlet 



temperature of the fuel channels is measured at the top of the fuel channel. Since the 

temperature of the coolant is always less than the fuel temperature when the reactor is 

operating, we can infer that the fuel temperature must be somewhere around 80 to 100 O F  

higher than the coolant. Although the temperature was elevated beyond normal levels, no 

evidence was found that fuel damage actually occurred during Run 13. Inspection of the 

decay tank samples after Run 13 showed activity on the order of 1 o4 pCi/cc, which was 

not considered out of the ordinary. 

3.3.2. Tetralin Contamination 

Previous experience with tetralin leaks in Run 8 helped identify the problem with heat 

transfer that was identified in Run 13. Tetralin is a clear colorless liquid that is a very 

good solvent. Tetralin has a boiling point between 405 and 420 OF. Wf. 271 ~ ~ t r a l i n  

decomposes at temperatures in the range of 800-850 OF. Decomposition products include 

hydrogen, napthalene, and carbon. pef.2 pp N-B-I] Carbon may go into solution up to its 

limit of solubility, and then exist in small particles that are suspended in the sodium 

coolant. 

The best estimate of the time that the tetralin leaked into the system was fiom May 30 

until June 3, the time of reactor shutdown for Run 13. It was estimated that 

"the total tetralin leakage during and following run 13 was 1 to 10 gallons 

corresponding to 8 to 80 lb. Since tetralin is 90.9% carbon and 9.1% 

hydrogen, this corresponds to a range of about 7 - 70 lb of carbon and 0.7 - 
7 lb of hydrogen."CRef. 31 

The operators recognized the problem of tetralin leakage, partly fi-om their experience 

gained fi-om the leakage that occurred during Run 8, and also to the odor of tetralin 

detected in the pump casing of the main primary sodium pump. Run 13 was terminated 

on June 3,1959. 

On June 12, after a period to allow ~a~~ to decay, the primary pump was removed. A 

small leak was discovered in the wall of the thermocouple well of the fi-eeze gland seal of 

the pump. pef .  31 Plans were then made to remove the tetralin to restore the heat transfer 

capability to design conditions. 



3.3.3. Wash Cell Incident 

Following the shutdown of the reactor after Run 13, 17 fuel elements were removed fiom 

the reactor and were visually examined with a television camera mounted in the fuel 

handling cask. The assemblies were found to be "dirty', but otherwise in good shape. The 

fuel assembly fiom core channel R-56 was removed and placed in wash cell "B" for 

cleaning and examination. During this process on June 4, the wash cell was evacuated 

and approximately 18 gallons of water were introduced into the cell. The fuel handling 

cask had been moved to its next position in the storage cell area, and the hold-down clips 

on the shield plug in wash cell B had not been installed. 

A sodium-water reaction occurred, which caused a pressure surge, which severed the 

hanger tube and lifted the shield plug and hanger tube approximately 18 feet into the air. 

The shield plughanger tube came to rest between wash cells "B" and "C". Operations 

personnel turned off the supply and exhaust fans in the high bay area while a survey was 

being made. The fans were turned back on a few minutes later, and the high bay filters 

were placed in service: [Ref. 17 

The wash cell vent line was closed at the holdup tank storage area, since the ventilation in 

the wash cell was pulling air through the open shield plug opening at the top of the wash 

cell. An air sampler was placed in the vicinity of the wash cells in the high bay area, and 

an activity of 3.0 x lo-' pCi/cc was measured. Plastic sheets were placed on the floor of 

the high bay area to prevent recontamination of the floor during cleanup operations. 

No further washings of fuel assemblies were conducted. The wash cell incident was 

essentially over by June 8. It was determined that hydrocarbon deposits ( h m  the 

breakdown of tetralin) clogged the drain holes on the hanger rod, preventing the sodium 

to drain out of the tube when it was removed from the reactor. " J ~ ]  The han ger rod is 

located at the top of the he1 assembly, as shown in figure 2.10. 

3.3.4. Removal of Tetralin 

Plans were made to bubble nitrogen gas through the primary sodium in order to remove 

the tetralin. The same procedure had been used during Run 8 to clean the secondary 

sodium fill tank. In preparation for nitrogen gas purging of the primary sodium, the 



helium cover gas had to be replaced in order to remove any radioactive gases. Sample 

data fiom the holdup tanks indicate that the cover gas was vented to the holdup tanks on 

June 2,3, and 4'h. 

The Interim Report [Ref. 21 identified the pathway for nitrogen injection as follows: 

"Seventeen elements were removed fiom the reactor and the sodium level 

in the upper pool was lowered to about 6 inches above the moderator cans. 

The nitrogen stripping operation began on June 17 and continued until 

July 5 with 26 fuel elements remaining in the reactor. The sodium 

temperature was 350 OF at the start and was raised to 425 OF by the end to 

enhance the removal of tetralin. Nitrogen was admitted to the system 

through the primary pump casing, passing through the heat exchanger, and 

then into the bottom of the reactor; 400,000 fi3 was used." 

There is no mention in any of the available reports as to how the nitrogen was collected, 

other than it was discharged fiom the reactor through the vent system. Operating 

procedures were reviewed, and an assessment was made as to the most probable method 

of venting the nitrogen, given the fact that some of the fuel assemblies were removed in 

order to facilitate bubbling up through the core. A relevant fact is that the holdup tanks 

show ventings to the environment during at least a portion of the period when nitrogen 

purging of the reactor was taking place. Samples were taken of the holdup tanks fiom 

June 17 through June 24, indicating that the pathway was from the reactor to the holdup 

tanks, and most likely through the normal vent header 497. Following June 24, there is no 

sample from the holdup tanks until July 1. From July 1 until the end of the nitrogen purge 

on July 5, an additional 3 ventings took place, indicating that the valve alignment at that 

time was to the holdup tanks. The sample data for the holdup tanks are provided in 

Appendix C. 

The added explanation in the Lnterim Report was 

"The stripping process was terminated when no more impurities were 

being removed. The system was then purged for 10 hours with 4700 ft3 of 

helium and argon." 



There were two holdup tank volumes collected on July 1, which would account for the 

purging of the nitrogen with helium and argon. The above quote also gives an idea of the 

purging rate for that particular alignment, which was indicated as 470 ft3 per hour, or 

about 7 c h .  If we assume that the stripping went directly to the environment for the 

period June 24 until July 1, then 380,000 ft3 must have been vented at a flow rate of 

approximately 50 c h .  

Another possible scenario would be to vent to the holdup tanks only periodically, as it 

would be prudent to assume that sampling of the release would be a requirement as per 

procedure. In this case, the venting would be aligned such that samples could be taken 

more frequently at first, since the concentration of radioactive gases in the exhaust stream 

would be higher, and less frequently later on during the venting, after it was established 

that releases were not exceeding limits for release to the environment. In this case, the 

400,000 ft3 would be vented intermittently to the holdup tanks over a 13 day period. This 

equates to a flow rate of 20-25 c h .  

As mentioned above, 17 of the 43 fuel assemblies were removed for the nitrogen 

stripping operation. This was done to enhance nitrogen flow through the core. The only 

direct access to the cover gas over the core is via the fuel handling cask with a shield plug 

removed. 

While it cannot be determined with certainty the exact route that the vent gas followed 

during the stripping operation, it is most likely that the fuel handling cask was situated 

over a shield plug opening and the vacuum pump of the fuel handling cask was used to 

transfer the nitrogen gas to the vent system. The fuel handling cask vents to header 506, 

as shown in Figure 2.12. This pathway requires use of header 506 bypass when it is 

directed to the environment via the stack. This can be accomplished by closing solenoid 

valve SV-607 and opening SV-608. This provides a short and direct pathway to the stack, 

and allows periodic sampling of the nitrogen gas by diverting the flow back to the holdup 

tanks. No other system valving needed to be changed to accomplish the venting. 

After termination of the venting and insertion of the shield plug into the face shield, as 

per the procedure for operating the fuel handling cask, the vent header valve (504G-1, 

west side of face shield, or 5046-2, east side of face shield) was closed in the high bay 



area, and the flexible hoses to the fuel handling cask were removed. It is possible that the 

solenoid valves SV-607 and SV-608 were left in the bypass position, since the 

arrangement described above was not a normal operational alignment. Normally, vent 

header 506 is aligned to the decay tanks via the suction tank. 

3.3.5. Nitrogen Contamination 

On July 30, 1959, the minutes of the Ad Hoc Review Committee contained the following 

statements: 

"...The nitrogen was introduced by putting it through the Cprimary] pump 

and forcing it into the bottom of the reactor. The nitrogen content was not 

measured. Calculations were made, subsequently, so that enough helium 

would be bubbled through the core to purge and reduce the nitrogen 

concentration to 4%. This is considered acceptable for continued 

operation. 9, mef. 191 

Both the Interim Report and the Final Report [Refs.2, 31 discuss the metallurgical effects of 

the introduction of nitrogen into the primary sodium system, and do not mention a very 

important aspect of the nitrogen stripping operation - the production of N ' ~  though 

activation by neutron absorption. The half-life of N16 is very short, on the order of 7 

seconds, and is not important in normal circumstances when there is no access above the 

reactor vessel during power operation. However, even with the reactor at low power, any 

leakage of gas fiom the 8 1 shield plugs at the loading face would cause the background 

radiation levels to increasesignificantly. N16 decays to 016, which would react with the 

sodium coolant to produce sodium oxide - the problem experienced with heat transfer and 

flow blockage during Run 14. The neutron flux in the cover gas was estimated to be high 
16 ~e£s.41,44] enough to cause activation of N" to N . 

Apparently, at the time of the SRE, the N16 activation problem had not yet been 

discovered, or was not well known. A few years later, when experiments were being 

conducted on light water reactors, the discovery was made of N16 generation. In light 

water reactors, as reactor coolant travels through the core, there is some radiolytic 

decomposition of water, producing 016 and free hydrogen. N16 is produced by the 



O ' ~ ( ~ , ~ ) N ' ~  reaction in water with resultant beta decay, emitting very strong gammas 78 

percent of the time. The gamma energies are 6.13 and 7.1 1 Mev. mef. 201 

3.3.6. Purging Cover Gas 

Following the nitrogen purge, the cover gas had to be recharged with helium. Helium and 

argon were used to purge the system for 10 hours to replace the nitrogen in the system. 

IR"f. 27 pp m-81 Like nitrogen, argon also undergoes activation by neutrons, and becomes 

Ar41. Argon-41 has a half-life of 1.83 hours with a gamma photon energy of 1.29 Mev. 

IR"f. 201 The relative amount of argon that was added was not mentioned in the A1 

investigation of the incident, but this may also have contributed to the radiation effects 

that occurred during Run 14 with the activity problems in the high bay. 

The holdup tanks are sampled just prior to venting to the environment. The records in 

Appendix C indicate that the holdup tanks were sampled and discharged to the 

environment on July 9', 1 ofh and 1 1 fh . Earlier ventings of the holdup tanks took place on 

July lSt and July 3rd, indicating that the valve lineup of header 497 was to the suction 

tank. 







4. SRE Fuel Damage Incident (Run 14) 

4.1. State of Knowledge in 1959 

The design and construction of the SRE was to gain operating experience using uranium 

fuel in a reactor used to produce electricity. The fuel elements in the SRE design were 

operating under untried conditions. Fuel design limits were based on theoretical limits, 

not operational experience. Cladding materials were likewise untested, with little or no 

operating experience. The Zirconium cladding on the moderator cans was later replaced 

by a zirconium alloy, called "zircaloy", which is still in use in today's nuclear designs. 

4.2. Initial Events (July 12-15) 

The reactor was brought to criticality at 650 AM on July 12. The startup procedure 

checklist includes checking that the suction tank compressors are on, and that the 

compressors are aligned to a holdup tank, and that the holdup tank is holding pressure. 

This is to ensure that radioactive gases will not be vented to the environment. The startup 

checklist is provided in Appendix D. 

The power increase was described as "cautious", and reached a power level of 500 

kilowatts at 8:35 AM. The operators made note of moderator temperature fluctuations of 

about 10 OF, which were considered out-of-ordinary, but they expected problems with 

temperature variations because of the tetralin contamination and their experience with 

Runs 8 and 12. Some of the fuel channel exit temperatures, which should be close to one 

another, started to diverge. This was an indication of either flow blockage in the fuel 

channels or uneven heat transfer in some of the fuel channels. Power levels were kept 

below 1 Mw during the morning until a reactor scram occurred at 1 1 :42 AM. This 

automatic shutdown was due to loss of auxiliary primary sodium flow. [Ref. 21 

The reactor was restarted and brought to criticality at 12: 15 PM. Over the next few 

hours, the reactor was increased in power level, such that at 5:00 PM, the reactor was at a 

power level of 2.7 MW. 

4.2.1. High Bay Activity 

At 3:30 PM, the two air monitors in the high bay area showed an increase in radioactivity 

levels. The high bay area radiation levels are reproduced as Figure 4.1 for this time 



period on July 12. The data in Figure 4.1 was benchmarked to the statement in the 

Interim Report that 

"At 1620 it was noted that the filter fiom the air sampler showed an 

activity level of 160,000 CPM." [Ref. 2, (pg. m-1 O)] 

With this data point established, it is possible to determine the times that other events 

took place. For example, the air filter on the continuous air monitor was changed at 4:25 

PM, and immediately went off scale when it was returned to service at 4:45 PM. It was 

then removed from service until reactor startup was achieved at 4:40 AM on July 13. 

When the continuous air monitor first started to increase at 3: 15-3 :30 PM on July 12, the 

operators decreased the reactor cover gas pressure. A radiation survey was conducted 

and it was determined that the most leakage was from the shield plug at core channel 

position 7. The sodium level probe was installed in this position. This instrument 

measures the sodium level in the reactor and displays the level to the operators in the 

control room. 

To reduce the leakage into the high bay area the decision was made to reduce pressure in 

the reactor. This would take only a minute or two once the decision was made to do so. 

It is logical to assume that the operators recognized the benefits of decreasing the leak 

rate before conducting the radiation survey, so it is estimated that reduction of the 

pressure by venting the cover gas to the holdup tanks took place between 3:30 and 4:00 

PM. 

Conducting the radiation survey would require a health physics technician to first dress in 

anti-contamination clothing, put on and check a suitable respirator before entering the 

high bay area One of the first tasks for the technician would be to locate the source of 

increasing radioactivity in the high bay. Once this was done, immediate plans could be 

made to either stop or control the leak. The fact that the air sampler was changed at 4:25 

PM supports the assumption that either additional personnel were already in the high bay 

area or that they were ready to enter the high bay after the survey identified the leak. The 

initial reading over the shield plug was 500 rnrthr. [Ref.2 pp 111-101 



Faced with the immediate task of stopping the leak at core channel 7, the operators 

decided to remove the instrument thimble from core channel 7 and replace it with a 

standard shield plug. Removal of the instrument required use of the fuel handling cask. 

Core Channel 7 is relatively free of obstructions since it is located near the edge of the 

top shield, as a shown in Figure 2.9. The fuel handling cask (FHC) can be positioned 

over this channel without removal of any other equipment on the reactor loading face. 

When the cask is sealed to the loading face, the internal volume of the gas lock is vented 

to header 506. A vacuum is drawn in the gas lock and maintained to verify that the seal 

is complete. If the seal is incomplete, the vacuum is released, the FHC repositioned and 

the vacuum drawn again. When it is determined that a good seal exists, i.e., no gas can 

leak out of the chamber, the faulty shield plug can be replaced. After replacing the 

shield, the cask is vented again before the seal is broken and the cask removed. The 

radiation level near the FHC would be continuously monitored. At 5:00 PM, the 

radiation survey was recorded as 25 r/hr at channel 7, which is consistent with removal of 

the shield plug, since the opening to the cover gas would be unshielded at that point. 

Once the solid shield plug was installed, the reading should decrease to "normal" 

background if the leak were terminated. 

In addition, at 5:00 PM, the stack monitor showed a "sharp increase 77 [Ref. 2, pp m-I 01 to 1.5 x 

1 o4 pCiJcc. This coincides with the operations that were being conducted in the high bay 

area, and specifically with the probable time of the ventings of the FHC to purge the gas 

lock. It is likely that the solenoid valve for header 506 was closed to the suction tank, 

and aligned to the stack at the time. The stack monitor increase occurred approximately 

one and a half hours after the first venting of the reactor cover gas between 3.30 ,and 4:00 

PM. 

It was noted at 5:30 PM that reactor shutdown was in progress, which takes less than 10 

minutes. Once the reactor was shutdown, the short-lived N ' ~  activity would cease, and 

relatively normal conditions would exist. Since the reactor did not have sodium level 

indication with the probe removed from core channel 7, the decision had been made to 

install a manual level probe in core channel 50, which is near the center of the reactor. 

Access to core channel 50 requires removal of the control rod drive motors to allow 

sufficient room for the he1 handling cask to be positioned at this location. Moving the 



fuel handling cask from core channel 7 required purging the gas lock volume several 

more times before the cask could be repositioned over core channel 50. Once in place 

over core channel 50, additional purgings of the cask would take place to install the new 

sodium level probe. This process would take several hours. 

The notation was made that 

"At 2057 [8:57PMJ, the reactor was shut down, the drive units removed, 

and the cask placed in operation. ,, [Ref. 2, pp III-lo] 

By 10:OO PM, the stack monitor had returned to normal. This is consistent with no more 

ventings of the FHC, after completion of installing the manual level probe in core 

channel 50. Startup of the reactor was begun at 4:40 AM on July 1 3, and no additional 

problems were encountered at that time with leaks in the shield plug. The FHC was not 

used again until July 15, when the operators removed the manual level probe from core 

channel 50 and replaced the repaired standard level probe back into channel 7. This 

coincides with the second occurrence of stack activity increasing intermittently. 

At 9:00 AM on July 14, the high bay activity rose again. This time the problem was 

traced to core channels 29 and 50. These two channels were repaired by placing seal 

rings at the top shield, and by taping over locations where leaks were detected. 

Radioactivity returned to normal by 2:00 PM on the 1 4 ~ .  

The high bay activity continuous air monitors increase was measured at 3x10" pC/cc 

after 15 minutes decay and 4 . 5 ~  1 om8 pCiJcc after 90 minutes decay.lRe" 34 PP . Th e decay 

of the measurement indicates extremely short-lived radioisotopes, and is indicative of off- 

gassing from the filter paper. The fact that activity levels returned to normal indicates the 

presence of noble gas activity. The presence of "chemically reactive" isotopes, such as 

cesium or iodine, would cause activity levels to continuously increase, and the high bay 

area to become contaminated as plateout of radioactive isotopes occurred. No such 

contamination occurred. 

4.2.2. Reactivity Excursion 

The SRE had been demonstrated to be a very stable reactor in all operational tests. 

However, on July 13, the reactor began behaving erratically and fluctuating in power 



without the operators intentionally increasing power. To understand this event, it is 

necessary to understand the physical significance of certain terms as they apply to reactor 

physics. 

When a reactor is in steady-state operation, at any power level, the neutron population 

remains the same. There are just enough neutrons being absorbed by the u~~~ atoms to 

cause exactly one more fission by each neutron, thus making the reaction self-sustaining. 

The number of neutrons, i.e., the neutron population, increases as the power level 

increases. In order to increase power, the reactor needs more fission events to take place, 

and the control rods, which absorb neutrons, are withdrawn from the core. This is also 

called increasing "reactivity", or insertion of '>ositive reactivity". Likewise, a decrease 

of power requires that the neutron population decrease and the rods go into the core to 

reduce the number of neutrons. This is called "negative reactivity". The neutron 

population is not changing when the reactor is at steady state, although neutrons are being 

absorbed and new fissions are taking place to replenish the neutrons that have been 

absorbed or lost from the reactor. 

When a reactor is at steady state, and positive reactivity occurs, the neutron population 

will increase. The rate at which the population increases is measured by what is called 

the "reactor period", which is defined as the time required for the neutron population to 

increase by a factor of 2-71 828. This value is a number that defines the relationship of 

exponential behavior of events that occur in nature, and has the universal symbol "e". 

Reactivity and reactor period are inversely proportional, that is, an increase in reactivity 

causes the reactor period to decrease. A reactor in which the power is not changing has 

zero reactivity, and the reactor period is said to be "infinite". 

On July 13, at 5:28 PM, the reactor was at 1.2 MW power, and the operators began an 

increase in reactor power to interface to the turbine to produce electricity. The power 

level began to increase faster than expected. The control rods were inserted slightly to 

hold back the increase. At 6:07 PM, a negative period (decrease in power) of about 45 

seconds was recorded, and the reactor lost power to about 2.4 MW in 3 minutes. Control 

rods were withdrawn to bring the power back to 4.2 MW, and the power rose to around 3 

MW by 6:21 PM. At this time, the reactor power began to rise more rapidly, even though 



the control rods were being inserted. An event inside the reactor was causing a series of 

positive reactivity insertions. Around 6:24-6:25 PM, a positive transient with a period of 

7.5 seconds caused the operators to manually scram the reactor. p e f .  2 pp m-I I] 

An investigation of the power excursion was conducted after Run 14 was terminated. 

The conclusion reached as to the reason for the excursion was that partial plugging of the 

flow channels in several fuel assemblies caused boiling of the sodium in those channels. 

The sodium boiling was caused by local overheating in the fuel channel due to partial 

flow blockage. 

One of the significant findings of the investigation was that: 

"Calculations have been made which show that severe plugging in a fuel 

channel can lead to quite high local temperatures in the fuel due to the 

thermal insulation provided by the plug. It was found that at a reactor 

power of 2 Mw the temperature of the hot spot on the surface of the fuel 

rod that is insulated over 25% of its surface can be about 180 OF above the 

local sodium temperature. 3, [Ref. 29 ] 

While it cannot be ruled out that some damage occurred to the fuel cladding or to the fuel 

itself during the power excursion of July 13, the exit temperatures of the standard fuel 

assemblies that were being recorded during this time period do not support temperatures 

to cause significant fission product release from fuel.lRek 2, 381 HO wever, the temperature 

records of the experimental fuel assemblies were not being recorded during this time 

period. 

4.3. Temperature Records During Run 14 

The fuel damage that occurred during Run 14 was temperature driven, complicated by 

coolant flow blockage. The flow blockage was caused by degradation products of tetralin 

in the system. The final report of the fuel damage incident [Ref. 31 identified thermal 

cycling of the fuel through the uranium a - P transformation temperature and 

subsequmt melting and formation of Fe-U alloys as the source of fission product release. 

Alloys are made up varying amounts of two or more elements. Their properties relating 

to the different physical states are described graphically in what is called a "phase 



diagram". The phase diagram can be used as a "map" h m  which the phases at any 

particular temperature of composition can be read for an alloy under equilibrium 

conditions. Figure 4.2 is the phase diagram for Uranium-Iron alloy. The "eutectic" is a 

temperature that represents the lowest temperature at which any liquid in the alloy can 

exist. For the damaged he1 of the SRE, the alloy was approximately 11 wt.% Iron and 

89% Uranium. At this mixture, the eutectic temperature is 1337 OF as shown in Figure 

4.2. IRd 

Above the eutectic temperature, a mixture of U&?e would exist until the temperature was 

high enough for a complete liquid phase. Below 1337 OF, a solid mixture of Iron and 

Uranium exists. When the eutectic temperature is reached, the uranium diffuses into the 

iron since the uranium has the lower phase change temperature at this composition. 
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Figure 4.2 Iron-Uranium Phase Diagram 

All of the core channels containing fuel assemblies were monitored for sodium exit 

temperature. In addition to monitoring coolant exit temperature, six of the SRE fuel 

assemblies were equipped with two thermocouples that provided temperature 

measurements of the fuel at different elevations. Figure 4.3 shows the fuel thermocouple 

locations. Of the six standard he1 assemblies with thermocouples, only two were still 



operating by Run 14 and were located in core channels 43 and 67. Three experimental 

assemblies had thermocouples, located in core channels 33, 34, and 55. The standard fuel 

assemblies record their temperature response in the control room. The recorder for the 

experimental assemblies was located in the high bay area of the reactor building. p e f  23 

The normal temperature for SRE fuel is between 1050 and 1075 OF at 20 MW power. 

The design temperature for the fuel is 1200 OF, based on some conservatism built into the 

calculations. 

The temperature response of the fuel thermocouples in core channel 55 is shown in 

Figures 4.4 and 4.5 for TC09 and TClO respectively. The two thermocouples in the fuel 

assembly in core channel 55 are both above the midplane of the core. TC09 is located 9 

inches above the midplane, and TC 10 is 2 1 inches above the midplane of the core. 

Figure 4.4 shows that at least a portion of the assembly was above the temperature 

required to form a eutectic between the fuel and cladding. The recorder ran out of paper 

on July 20, which is the reason for the missing data during that period. The maximum 

temperature recorded at the end of the chart'when the recorder ran out of paper was 1350 

OF. The maximum temperature recorded by TC09 was 1465 OF on July 23. Most of the 

damage to fuel assemblies occurred approximately 12 inches below the midplane. [Ref.Z] 

Figure 4.6 shows the temperature oscillations recorded for core channel 55 between 8:00 

AM on July 22 and 8:00 AM on July 23rd. The temperature oscillations are severe, 

ranging 350 degrees from high to low. The thermal cycling eventually led to cladding 

failure. The coolant temperabxe was also recorded as it passed out of the coolant 

channel, and is shown in Figure 4.7. The exit temperature was significantly below the 

fuel temperature during July 19-24. 

The recorder for the experimental assemblies thermocouples were being repaired during 

July 12-15, so there is not a similar trace available for the period of the reactivity 

excursion. [Ref. 21 

The reactor continued operation at low power until July 2 0 ~ .  On July 1 9 ~ ~  and 20', a test 

was conducted to try to determine the effects of pressure on reactivity, as part of an 

investigation into the causes of the power excursion. 



Beginning on July 2ofi, the temperature of the coolant was increased in an attempt to put 

the solidified particles back into solution. This was apparently due to the operating 

experience gained during Run 8, and to the fact that the wash cell was unavailable. The 

problem that was being addressed by the operators was that of poor heat transfer. 

Although it was unknown at the time, the increase in power only increased the production 

of N ' ~ ,  thereby providing more oxygen to react with the sodium to form sodium oxide. 

The neutron flux of the reactor provides an indication of power level. The relative power 

level as a percent of full power (indicated by neutron flux) for Run 14 is shown in Figure 

4.8. The reactor scrams are shown by the flux dropping to zero. The duration of the 

shutdown is indicated by the time the power levellneutron flux remains at zero. As 

demonstrated by Figure 4.8, the reactor experienced several scrams during the period July 

16 - 26fi, after the reactivity excursion. Reactor power reached a maximum of 
rd [Ref. 21 approximately 5 MW and was sustained there July 22-23 . 

On July 24, an attempt was made to dislodge some of the material believed to be 

interfering with heat transfer by "jiggling" some of the fuel assemblies. At this point, it 

was noticed that the elements in core channels 10, 12,35 and 76 were stuck in place. 

During a similar operation on the evening of July 22, the assembly in core channel 10 

was fiee. [Ref. 2 pp. tIi-171 

The coolant outlet temperature was gradually reduced to 5 10 OF around midnight on July 

25h, and the cold trap was put into service. The cold trap is used to remove very fine 

particulate material fiom the coolant. 

The oxygen content of the sodium can be indicated by a device called the "plugging" 

indicator. This device utilizes the temperature effect of oxide solubility for its operation. 

A small flow of sodium is diverted to the plugging indicator just upstream of a flow 

restriction, and the flow is cooled in a small heat exchanger. When the sodium cools, the 

oxide will precipitate out of solution and plug the flow restriction. The plugging causes a 

sharp change in the flow rate meter on the plugging indicator. Using a solubility curve 

for oxygen in sodium, the temperature at which the plugging precipitates gives an 

indication of the oxide content in the sodium. The temperature at which the sodium 



precipitates is referred to as the plugging temperature. The higher the oxide content, the 

higher the plugging temperature. [Ref. 2, 61 

On July 25", when the cold trap was put into service, the plugging temperature was 455 

OF, which is a relatively high temperature, indicating a high oxide content. Operation of 

the cold trap reduced the plugging temperature to 350 OF on July 26" at 7:00 AM. [Ref. 21 

The reactor was shut down at 11 :20 AM on July 26th to examine the fuel elements that 

had been running hot. A television camera in the fuel handling cask was used to examine 

the fuel elements by pulling them up into the cask past the camera. On July 26 at 7: 15 

PM, the first damaged fuel element, core channel 25, was observed. Wef. 21 

One of the fuel assemblies that recorded coolant exit temperature was the assembly in 

core channel 54. A standard fuel assembly fuel temperature thermocouple was functional 

in core channel 67. These data are shown in Figure 4.10, and serve to show the 

magnitude of temperatures during the first part of Run 14 as compared to the last part of 

the run when reactor power had been increased. Although the temperature was elevated 

for a portion of time during July 15, the longest duration of elevated temperature, and the 

time of temperature cycling recorded by core channel 55, was during July 22-24 while 

the reactor was at approximately 5 MW. More of the core would have been near the 

higher temperatures during July 22-24. This study concludes that most of the fuel damage 

occurred during the July 22-24 time frame. 

4.4. Fuel Assembly Examination 

Beginning with the examination of fuel assemblies with the television camera on July 

26", more detailed examination followed over the next few months after shutdown. 

Figure 4.9 shows the location in the core of the fuel assemblies found to be damaged. 

Appendix E provides a more detailed description of the damage found, as reported in the 
Interim Report.[~ef 2. TablellI-51 

About one-half of the assemblies were broken in two below the midplane of the 

assembly. Twowere broken about one-third up fiom the bottom of the assembly, and 

two were stuck in the core, (24 & 76), swollen to the extent that they moved the adjacent 

moderator cans when pulled up from their position in the core. 



The assembly fiom core channel 24 was removed and examined in the hot cell. There 

were four distinct features noted in the Supplemental Report [Ref. 31 

1. There was a solid plug of material about 12  inches up fiom the bottom 

of the assembly, consisting of an Iron-Uranium d o y  of near eutectic 

composition, which had moved down the assembly from the region of 

melt-through. The mass of this material was approximately 800 

grams. 

2. There was a region of Iron-Uranium melt-through about one-third of 

the way up the assembly, and extending for several inches. 

3. There was a region above the melt-through where the cladding had ruptured. 

4. There was a region where a black spongy material had formed in the fuel 

channel below the element, which was porous to sodium. 

The spongy material was determined to consist of insoluble carbon and was soluble in 

alcohol, indicating high sodium content. 

Additional tests were conducted on fbel assemblies that were not damaged, and which 

had been in the core during the high temperature runs of Run 12 and 13. The test found 

these assemblies to be normal. Unirradiated specimens of uranium, similar to the SRE 

fuel, were thermally cycled through the eutectic temperature between 900 and 1300 O F .  It 

was found that rapid cycling across the a - P phase transformation temperature caused 

the cladding to fail within 24 hours. 

The ultimate conclusion of fbel damage was that there were two factors involved: 

1 .) thermal cycling across the eutectic temperature which caused the fuel 

to swell until the cladding ruptured, and 

2.) diffusion of uranium into the stainless steel cladding to form low- 

melting alloys, which may have also caused cladding failure. 

Both types of failure were caused by the plugging of coolant passages by decomposition 

products of tetralin. 
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5. Radiological Impact of Fuel Damage at SRE 

5.1. SRE Fuel Inventory 

A material balance of the fission products released from the fuel must of necessity begin 

with an accurate inventory of the fission products present in the fuel before fuel damage 

occurred, or at least at some point in time that can be benchmarked to work done by the 

original investigators of the incident. The core inventory of the SRE was calculated 

using the ORIGEN2 computer code. [Ref. "I These data were compared to the fission 

product inventory calculated by Hart, [Ref 41 and are shown in Table 5.1, below. 

The fission product inventory was calculated using the power level and burnup history 

for the SRE. lRef. 41 Average power levels were used for Runs 1-1 3, and actual power 

levels as could be determined from the references for Run 14. The total burnup for Run 

14 was compared to the calculations, and adjustments made to the calculations so that 

short lived fission products would be computed as accurately as possible. 

The differences between the two core inventories were investigated. The large difference 

for Xe-133 was found to be inclusion of precursor radionuclides in the Daniel 

computation, whereas Hart apparently considered only the single isotope. There were 

some differences in half-life for some of the isotopes, such as cesium. Some of the 

differences were attributable to the fission yields used for individual isotopes. [Ref. 4,37,40] 

The values of half-lives and fission yields have been improved since 1959. It is believed 

that the Xe- 133 inventory as shown in this report is the more accurate of what inventory 

actually was present. Computation of multiple branching decay chains is a very 

complicated process, and not easily accomplished by hand calculations as was done in 

1959. 



Table 5.1 

SRE Core Inventory Comparison 

I Isotope I Hart Inventory 
I Daniel Inventory 

As of shutdown, 7/26/59 1 1 :20 AM 

* Estimated 

f Not Computed - not fission product 

I Ce-141 

Ce- 144 

Ru- 1 03 

~ a ( ~ a ) - 1 4 0 . ~  

~r(Nb)-95' 

Kr-85 

Xe-133 

Xe-13 1M 

1-133 

1-135 

1.27 (5) 

1.69 (5) 

7.52 (4) 

5.61 (4) 

5.53 (5) 

1.10 (3) 

5.08 (4) 

1.22 (5) 

1.54 (5) 

7.18 (4) 

5.54 (4) 

1.97(5) 

9.82 (2) 

9.22 (4) 

7.15 (2) 

1.19(4) 

2.35(3) 

4 

9 

4.5 

2.3 

9 

10.7 

81 



5.2. Damaged Fuel Inventory 

A fiaction of the inventory in the 13 damaged fuel assemblies is the only amount that could 

have been released to the coolant and cover gas. The damaged fuel inventory was calculated 

by proportioning the core inventory by the amount of burnup in the damaged fuel assemblies. 

The burnup of each fuel assembly was given in references IRe' 2 y  221 and the fi-action of total 

burnup for each fuel assembly in the core calculated. The individual burnup for the damaged 

fuel assemblies were then summed to determine the fiaction of core inventory contained in 

damaged fuel assemblies. These data are shown in Table 5.2. The percentage of damaged 

fuel turned out to be 32.4 % of the total core inventory, which is the absolute maximum that 

was available for release, since the remainder of the assemblies had no cladding failure at all. 

The actual amount released would not be the entire inventory of the damaged assemblies, but 

some fiaction thereof, depending on the chemical characteristics and properties of the 

individual fission products. The actual release fiom fuel occurred only fiom that h t i o n  that 

reached the eutectic temperature or the temperature of the a - P phase transformation. 

The release fractions contained in this report are fractions of total core inventory, as is the , r 
convention when describing the magnitude of release fiom fuel. 
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Table 5.2 Fuel Burnup Data 

Fuel Loading 2.97 MT 
Total Burnup 2426 MWD 

Reactor Fuel Most Recent Total Burnup Total Burnup Faction of 

Experiment # Location Type Damaged Inspection Date Burnup MWDn (MWD) Burnup 

STD 

STD 

STD 
STD 

STD 

U02 

STD 
STD 

STD 

STD 

STD 
STD 

STD 
Th-U 

STD 

STD 

STD 

STD 
STD 

STD 

mxd 
STD 
Th-U 

STD 

STD 

STD 

STD 

mxd 
STD 

STD 

STD 

STD 

STD 

STD 
STD 

STD 

STD 
STD 

STD 

STD 

STD 
STD 

STD 

Damaged Fraction: 0.324 



5.3. Release From Fuel 

Metallic uranium fuel such as that used in the SRE differs from oxide uranium fuel in that 

there is no oxygen bound with the uranium, and therefore the fuel is much more dense. 

The lack of oxygen in the metallic fuel affects the types of chemical compounds that can 

be formed with fission products that are generated in the fuel. For this reason, one must 

be carel l  to consider only those mechanisms that are relevant to metallic fuels when 

computing a release from fuel. The release of fission products from the SRE fuel was 

temperature driven (as the semi-solid uranium formed an alloy with the cladding) with 

the release occurring at elevated temperatures relative to normal operation. Following 

the formation of the alloy, or simultaneously with the formation of the alloy, the cladding 

was breached along some portion of the length of the fuel rod that formed the alloy. IRef. 

427 471 In some instances, cladding was ruptured as a result of fuel swelling, caused by 

cycling through the a - P phase transformation temperature. Bef. 301 

5.3.1. Release to Cover Gas 

There are three mechanisms for release of noble gases with respect to the SRE fuel 

failure. Two of these, dzflwion out of the fuel and fission recoil, were investigated and 

found to be so small as to be insignificant when compared to the release at the formation 

of the iron-uranium alloy. 

Thermal cycling was identified as a reason for cladding failure, by cycling back and forth 

across the uranium phase change temperature. IRef. 3,301 This occurred primarily between 

July 22 and July 24. If one assumes fuel failure occurred in the middle of this period, 

(July 23) the core inventories of Krg5 and ~ e ' ~ ~  in the damaged fuel assemblies are 982 

curies and 1.15~1 o5 curies, respectively. An iterative technique was then used with the 

core inventory as of July 23 to determine the release fraction from fuel to be applied to all 

noble gases. This resulted in a release fraction of 0.015 for both ~e~~~ and Krg5. A release 

fraction of 1.5% is considered conservative for the SRE on the basis of the actual sample 

data. A curie balance of holdup tank inventories was used to check the release data. 

These release fractions were compared to those obtained by Hart et. al., as shown below: 



Table 5.3 Gaseous Release 

Release Fraction Release Fraction Release (Ci) Release (Ci) 

The release fraction is computed by dividing the released amount by the core inventory at 

* Daniel 

the time of release. The apparent disparity between Hart's release fiactions and those 

presented in this report can be partially explained by the fact that Hart determined the 

* Hart Isotope 

release fiactions based on cover gas samples taken on August 12, after venting some of 

the cover gas to the holdup tanks between the time of fuel damage and the actual sample 

date, and then back-calculated theinventories to July 26. The decrease in power level at 

the end of Run 14 skewed the inventory of ~e~~~ such that it was less than the inventory 

at the time of release (July 23), 9 . 2 ~  1 o4 vs. 1.15~1 o5 curies. Although the fractions 

*  art* 

removed by venting the cover gas were small as compared to the total volume, (-20- 

25%), there were additional uncertainties in Hart's fiactions. Hart apparently used a 

** Daniel 

different cover gas volume than indicated by the dimensions of the reactor and fill tank 

volumes. In fact, the volumes associated with the Hart Gg5 release does not agree with 

the ~e~~~ release, although it was stated that a "factor of two [was included] to account 

for probable losses due to pressure manipulations." IRe"' However, the factor of two was 

only applied to ~ e ' ~ ~ .  The core inventories also differ between Hart and this report for 

Krg5 and ~ e ' ~ ~ .  It was determined that Hart had not included precursor radionuclides for 

~ e ' ~ ~ .  

The release fractions in this report are dated as of the time of release, July 23, and include 

the amounts transferred to the holdup tanks between July 12 and 2 0 ~ .  The release 

quantities (last column) from this investigation are decay corrected to July 26, for 

comparison to Hart's release quantities. 

Figure 5.1 shows the release from fuel for noble gases as calculated above compared to 

cover gas measurement data taken at various dates. The solid line represents the decay of 



the sum of KrS5 and ~e~~~ released to the cover gas following release from the fuel on 

July 23'*, in order to compare to the gross activity measurement data No attempt was 

made to proportion the activity between cover gas and holdup tanks in this figure - it 

represents the total release from fuel of gaseous fission products. 

Figure 5.2 shows the comparison of calculated ~ e ' ~ ~  in the cover gas compared to the 

two samples that were analyzed for specific isotopic content. Figure 5.2 shows relatively 

good agreement with the ~e~~~ sample data, and also with the gross measurement data. 

~e~~~ was the predominant radionuclide until around August 28, when ~r~~ became 

predominant. The non-decay decrease is due to transfer of cover gas to holdup tanks on 

July 25,27 and 29Ih. Decay and transfer of cover gas was modeled with the RADTRAN 

code. A description of the RADTRAN mathematical model is contained in Appendix G. 

Figure 5.3 shows the comparison of calculated ~r~~ to sample data. The comparison is 

not as good as but shows the calculated Kr85 to be within 5 curies of the 

measurement data. A small increase in either the KrX5 concentration would produce much 

better agreement with the 0.01 5 release fraction. It is not likely that the unaccounted for 

K.r85 was released from the plant, since the xenon would have been transported with it, 

and the xenon is accounted for in the.plant. It is also possible that there are errors in 

analysis in the measurements of GX5. The author has experienced such counting errors, 

which usually are low with respect to actual concentrations. 

Figure 5.4 shows the release from fuel in comparison to all cover gas and holdup tank 

data. This curve represents the total release from fuel, decayed until November 1. 

Figure 5.5 demonstrates the results of the iterative analysis to determine release from 

fuel. The requirement that the release fit the sample data translated into the condition that 

the crossover of ~e~~~ to Kr85 occur on or about August 28, as was recognized by Hart. It 

is this point that Krs5 became the predominant radionuclide in the cover gas, and waiting 

for additional decay before disposing of the gas would not gain any advantage to the 

cleanup of the incident. The second requirement that must be met is that the total activity 

collected in the holdup tanks, when decay corrected to July 26, must be met by the 

release from fuel also. The iteration progressed by assuming a release rate from fuel, and 

using the core ratio of XeKr, generate total release from fuel until the two conditions 



were met. It was determined that a release of 1.5% met the conditions. Investigation of 

potential pathways resulted in the determination that there were no unidentified releases 

to the environment that occurred prior to the first measurements of cover gas activity. 

The fact that the ~e~~~ and Krg5 activity does not decrease in the cover gas samples 

between August 12 and September 14 (other than radioactive decay) indicates that no 

transfer of cover gas was done during this period. However, beginning around 9/14/59, 

transfer of the cover gas to the holdup tanks began, as indicated by the samples of holdup 

tanks and by the decrease of Krg5 inventory in the cover gas. Figure 5.4 shows the 

comparison of calculated cover gas inventory to all sample data, including the holdup 

tank inventories. The effectiveness of KrgS removal shows that there was some difficulty 

in reducing the cover gas inventory, as indicated by the number of holdup tank volumes 

generated. This may be due to the fact that the purge line for the cover gas is located 

between the core tank and primary sodium fill tank. As "contaminated" helium is 

withdrawn and sent to the holdup tanks, clean helium must be provided as makeup, to 

prevent drawing a vacuum on the cover gas. This serves to dilute the cover gas, and 

makes it more difficult to remove the remaining contaminated gas. 

This analysis clearly shows that the release of noble gases from the fuel can be accounted 

for as remaining within the plant with reasonable certainty. 

5.3.2 Release to Primary Sodium 

The release from the fuel to the primary sodium is relatively straightfornard, as no 

adjustments have to be made for sodium removal during the incident as in the cover gas. 

The release fractions and release quantities (Curies) at the time of release for selected 

isotopes are shown in Table 5.4 in comparison to Hart's calculations: 
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Table 5.4 Non-Gaseous Release (Fraction of Core Inventory) 

Isotope 

1-131 

1-133 

1-135 

Sr-90 

Comparison of release fractions may not be meaningfd since Hart based his figures on 

core inventory as of July 26, after additional irradiation and changes in power level had 

occurred. The most meaningful comparison in this case is the quantity of release, which 

differ by only few per cent. It is not clear how Hart's sr90 sodium concentration was 

determined, since techniques for counting and reporting srgO differ between laboratories. 

It is common practice (currently) to count the ingrowth of the daughter radionuclide ygO 

to determine the S?' content of a sample, and to signify this technique by reparting 

sr9'/Y90 together to avoid confusion. For this reason, the sr90 release reported in this 

analysis should be multiplied by a factor of 2 to account for the contribution of y90 in 

order to compare to Hart's sr90 release. This assumes that Hart's reported value for sQO is 
90 90 actually the Sr N laboratory result multiplied by the sodium inventory. 

Figure 5.6 shows the results of this analysis compared to the gross measurements at 

different dates and reported in Reference 4. It is interesting to note that sampling to 

determine gross activity of the primary sodium did not begin until the short lived isotopes 

such as ~a~~ and I ' ~ ~  in the primary sodium had decayed to insignificant levels. 

Ce- I44 

CS-1 37 

Hart 

Fraction 

0.00097 

(Not Given) 

(Not Given) 

0.00026 

* srY0/yY0 = 17.2 

0.00067 

0.003 18 

Daniel Hart Daniel 

Fraction 

0.001 1 

0.001 1 

0.00 1 1 

0.001 1 

0.001 1 

0.0040 

Release Release 

141.0 

27.7 

16.3 

170.5 

31.6 

25.8 

Given) I 74.9 

(Not Given) 

21.4 

65.3 

8.6' 



Figure 5.7 shows the comparison to individual radionuclides in the primary sodium as 

determined by spectroscopic analysis. The counting of sr90 involves chemical separation, 

but is included in Figure 5.7 also. 

Figure 5.7 shows the effect of cold-trapping and/or deposition on metal surfaces to 

remove particulate material fiom the primary sodium.rRef. 451 The soluble fission products 

113' and cs13' follow their decay curve very closely, indicating that they went into 

solution and remained in solution, whereas ce14' and ~e~~~ were greatly reduced between 

the sampling dates of August 2nd and October 3 lSt. The iodine and cesium curves fall 

very close to their sample points on August 2, which shows very close agreement with 

the release fraction of 0.1 1% as determined in this report. 

In summary, the fission product release from the fuel to the sodium in the SRE fuel 

damage incident was small even though approximately one-third of the fuel assemblies 

were damaged to some extent. The small release is attributable to the characteristics of 

natural uranium fuel. 

5.4 Release to Environment 

The available data demonstrate that the radioactive vent system was aligned to the 

suction tank during Run 14, and therefore there was no direct, continuous pathway for 

gases to be released to the environment fiom the reactor cover gas. However, the 

response of the stack monitor indicates increased activity on two occasions, both of 

which coincide with operation of the fuel handling cask. By process of elimination of 

possible pathways for a release, it was determined that the fuel handling cask venting 

through header 506 was the likely cause of the stack monitor response, both in time of 

occurrence and in magnitude of the response. 

Each venting of the lower gas lock on the fuel handling cask releases approximately one 

cubic foot of gas into header 506. If one assumes that the fuel handling cask was moved 

and sealed repeatedly during the 5 hour period between 5:00 PM and 10:OO PM on July 

12th, then it becomes a question of how many times a release of 1 ft3 occurred. The 

investigation of the cause is aggravated by the fact that there is no record of the stack 

monitor's response during these two time periods. The activity of the cover gas, as 

indicated by the samples of the holdup tanks on July 2 0 ~ ,  was approximately 5 x 10 '~  



pCi/cc. If one assumes that the predominant radionuclide on July 2 0 ~  was ~ e ' ~ ~ ,  then the 

concentration of ~e~~~ on July 1 2fh would have been 0.14 pCi/cc. Using the 

concentration of July 20, and decay correcting to July 12 to get a concentration for 

release fiom each venting of the fuel handling machine, and adding the short-lived 

isotopes into the mix yields a concentration of approximately 3.15 pCi/cc on July 12. 

Therefore, each venting from the fuel handling machine would release 3964 pCi, or 

approximately 4,000 pCi (0.004 Ci) of ~ e ' ~ ~ .  Adding short lived radionuclides by using 

the ratio of those radionuclides (such as ~ e ' ~ ~  and ~e~~~~ ) to that of ~e~~~ , the release 

for each venting would be 25,000 pCi (0.025 Ci). This is an insignificant amount 

compared to venting a holdup tank. However, the release of 1 ft3 results in a 

concentration at the stack of 8 . 8 ~ 1  pCi/cc as compared to the reported stack activity of 

1.5~10-4 pCilcc. This is very good agreement, and reinforces the conclusion that the fuel 

handling cask was the source of the stack activity. 

The releases to the environment are shown in Figure 5.8, and were controlled releases 

fiom the holdup tanks according to procedure. Each tank was sampled prior to release, 

and the release rate was determined for each release so as not to exceed the release rate 

for the plant. The radionuclides ~e~~~ and ICrS5 were the predominant radionuclides 

released. 

5.5 Environmental Samples 

Environmental air sample data were reviewed to determine if they provided any 

indication of a release of radioactive material fiom the SRE in July, 1959. There were no 

increases above background for the month of July 1959. Of particular interest were the 

beta-gamma air samples taken from the Santa Susana site, as well as Van Owen. Air 

sample data for Santa Susana and the Van Owen Facility are included as Appendix F. 

The environmental air sample data provides total activity above background for all beta 

and beta-gamma isotopes. Most of the environmental activity is attributable to ~ e '  and 

K~', which are naturally occurring isotopes. Radionuclide fallout fiom weapons testing 

reached a peak around 1962, when atmospheric testing was being conducted by both the 

U.S. and the Soviet Union. In 1959, the activity in the atmosphere was typically 1 0-l4 

Cilcc , whereas today the activity is more on the order of 10 '~  Ci/cc, or about 100,000 



times greater. 

Figure 5.9 shows the beta-gamma activity for the months of May-September, 1959 for 

the Santa Susana monitoring station. Figure 5.10 shows the beta-gamma air sample data 

for roughly the same period for the Van Own facility, located in Canoga Park, in a 

southeasterly direction. 

There is no evidence of uncontrolled release to the environment fiom the fuel damage 

incident at the SRE. The release of the accumulated noble gases in the holdup tanks 

during the period July 20' through September 19" was conducted with a very small 

release rate, and was not detectable above background levels. 

5.6. Experimental Evidence of Fission Product Release 

Following the fuel damage incident, the AI investigators began a series of experiments to 

determine the root causes of the accident, and to determine why the fission product 

release fractions were not as expected. One experiment involved irradiating a fuel disk 

with a burst of neutrons until the melting temperature was reached. [Re' 24 . A 93% 

e ~ c h e d  uranium foil was irradiated in a stainless steel capsule partially filled with 

sodium. The stainless steel capsule had a cover gas in the top to simulate reactor 

conditions. After irradiating the capsule to generate fission products in the fuel, the 

capsule was removed and the fission products were measuied. In this experiment 

"..in which the fuel was melted and dispersed in the sodium, only very 

volatile fission products were released from the fuel in quantity. This was 

apparently due to the excellent heat transfer characteristics of sodium 

which caused rapid refreezing of the fuel and subsequent trapping of the 

fission products." [Ref. 241 

The above experiment demonstrates the fact that the release from fuel would be a short 

duration and quickly terminated, because of the heat transfer characteristics of sodium 

coolant. 

A second experiment dealt with the release of iodine from sodium into the cover gas. In 

this experiment, capsules containing non-radioactive molecular iodine vapor were placed 

at different depths in sodium to represent iodine evolving fiom the coolant into the cover 



gas. In this experiment, nitrogen gas was in the capsule along with the sodium, and the 

nitrogenliodine gas was then released from the capsule. The gaseous bubbles were then 

allowed to travel up through the sodium to the cover gas region at the top of the 

experimental column. The experiment was conducted at temperatures ranging from 500 

to 1 OOO°F. The investigators reported: 

"It was observed that vaporized iodine released in the form of gradually 

ascending bubbles (in quantities up to 60 mg to 500°F sodium at a depth of 

6 to 10 feet) was largely absorbed by the sodium. A maximum of only 1 - 
'/Z % escaped to the cover gas. 9, [Ref. 241 

The second experiment described above differs from the SRE actual conditions in that the 

iodine was released from a capsule into the sodium as molecular iodine directly. Other 

studies have shown that with low burnup metallic fuels, the fission gases are essentially 

retained in the fuel for the temperatures that the SRE experienced. [Ref. 471 

5.6.1. The Fermi Fuel Melt Experience 

On October 5, 1966 an incident in which a reactor internal flow guide plate became 

dislodged and blocked the flow of coolant to the core resulted in melting several fuel 

assemblies. The Fermi reactor was a sodium cooled, graphite moderated reactor larger 

than the SRE. In this incident, an equivalent of one fuel assembly (140 rods) underwent 

melting, and flow was estimated to have been reduced to about 3 %.[Ref. 251 Measurements 

showed that approximately all of the in the melted fuel was released. Approximately 

1 to 10 % of the cesium and iodine was released to the coolant. None of the released 

iodine was found in the cover gas. [Ref. 261 

5.6.2. Experience with Cladding Failure 

Following the fuel damage incident, Atomics International investigated the cladding 

failure, after noting that the assemblies in channels 12,21 and 25 were found to have 

cladding damage (splits and cracks) but no apparent eutectic formation. [Ref. 30 pp 331 

Experiments were conducted to determine the mode of failure. It was discovered that by 

cyclically heating and cooling the uraniurnlcladding samples across the a - phase 

transition temperature, the cladding failed w i t h  24 hours, after a total of 275 to 300 



cycles. The experiment was performed on unirradiated fuel, whereas the actual fuel in the 

core had been previously irradiated, and Run 14 was the last run before changing fuel. It 

is likely that the cladding failed before it reached the same number of cycles as the 

unirradiated fuel. The experiment reinforced the conclusion of thermal cycling 

temperature failure of the SRE cladding. [Ref. 30 pp 341 

The fuel assembly in channel 55 recorded a maximum recorded temperature (TC09) of 

1465 O F  on July 22. [Ref. 21 The boiling point of NaK is 1445 O F .  The boiling point of 

sodium is around 1620 O F .  If the thermocouple temperature 9 inches above the rnidplane 

was measured at 1465 O F ,  it is quite possible that the rnidplane was even higher, and that 

the NaK in the fuel rod gap exceeded the boiling point. This would severely stress the 

cladding by internal pressure as the NaK expanded, and may have contributed to the 

cladding failure, even though the sodium coolant itself had not reached the boiling point. 

In studies done following the EBR-I fuel melt, it was reported that 

"The heat of formation of the uranium-iron eutectic provides a heat source 

in addition to fission. It has been recently measured and found to be - 4 

calories/gram of eutectic formed. This additional heat would tend to 

counterbalance heat transfer from the core so that the heat content [of the 

fuel] remains about the same." IRe"ll 

Because of the excellent heat transfer capabilities of sodium, this phenomenon of 

additional heat would be a very short duration event, with rapid refreezing of the uranium 

and thereby limiting the release from fuel. However, the internal pressure buildup due to 

NaK boiling in the fuel rod gap provides a mechanism for cladding failure without the 

sodium coolant reaching the boiling point. 

In the case of boiling the NaK as a mechanism of cladding failure, the temperature of the 

fuel would have exceeded the eutectic temperature prior to the NaK reaching the boiling 

point. Any radioiodine that would have escaped the fuel would have reacted with the 

NaK (vapor or liquid) and formed NaI or KI, prior to cladding failure. 

The point to understand is that the environment for cladding failure to have occurred is in 

the July 22-24 time frame. The plaintiffs expert contention that major fuel damage with 



releases to the environment occurred between July 12 and July 15 is refuted by the plant 

temperature recordings. Furthermore, the vent system was aligned such that even if 

plaintiffs arguments were true, the release would have been contained in the holdup 

tanks. 
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6. Response to Plaintiffs Allegations 

This section address some of the major points of plaintiffs expert contention that 1330 

curies of 113' were most likely released to the environment during July 12 -15, 1959. (I 

reserve the right to testify about any of the opinions offered by plaintiffs experts during 

the trial in this matter.) The details of this hypothetical release are described below, with 

comments as to the validity of the hypothesis. 

6.1. Pathways for Release 

6.1.1. Plaintiff's Pathway for Release 

Plaintiffs expert, Dr. b u n  Makhijani, maintains that his "best estimate" release, 1330 

curies of I- 13 1, was released from the SRE during the period July 12-1 5. The report 

prepared by Dr. Makhijani IRef. 321 did not identify the pathway for release, other than 

saying 

"Thus it can be concluded that the decay tanks did not hold-up the bulk of 

the activity flushed fiom the reactor following the accident, and that it was 

therefore most likely to have bypassed the tanks and vented directly 

out the stack." [emphasis added.] 

When questioned about the release pathway during his deposition, Dr. Makhijani 

identified tbe release pathway from the core cavity annulus through a relief valve and 

through vent header 492 to the suction tank, through the holdup tanks and then out the 

stack. The diagram used to explain his pathway is shown in Figure 6.1. 

The pathway identified by Dr. Makhijani as being the pathway for release did'not exist. 

Release to the environment of radioactive material requires two necessary conditions - 

(1) radioactive material, and (2) mass flow rate. Neither of these conditions was met by 

the pathway defined by Dr. Makhijani. 

A description of vent header 492 is given in Section 2 of this report. The relief valve 

identified as "18" on the diagram that Dr. Makhijani traced for his pathway is identified 

in the legend as "Core Cavity RV-He" (Relief Valve- Helium). This valve is shown on 

the piping and instrumentation diagram @'&ID), Figure A-IV-3 sheet 2 of 3, Appendix B, 

as the relief valve around valve 459A, which relieves the annulus volume between the 



outer tank and the core tank (the space between the bellows). Valve 459A is normally 

closed unless there is some reason to vent the core cavity annulus volume, and the relief 

valve is provided to prevent overpressurization of the core cavity annulus, such as initial 

filling of the volume with helium. 

The description of the core tank and outer tank are also discussed in Section 2. The 

annulus volume between the outer tank and core tank is sealed by two welded bellows at 

the cavity liner. Thus, the core cavity annulus is not connected to the cover gas volume 

at all. The annulus volume does not accumulate fission products, as does the cover gas 

volume directly over the core. 

The helium pressure in the core cavity annulus is 3 psig, and a blocking valve in the vent 

line (V-459A) is normally closed. A relief valve (RV600, aka #18) relieves at 6 psig. 

This relieves only upon failure of the helium pressure control station 473 relief valve, 

(RV402) which is set to relieve at 4.5 psig. Both relief valves vent to header 492 when 
actuated. wef. 11, PP 1151 

During Run 14, there is no record of the core cover gas or of any helium cover gas 

system pressure ever being greater than 3 psig. There is no reason to suspect that the 

relief valves ever opened, nor any description of an operational event that might have 

cause the annulus volume to become overpressurized. The relief valves associated with 

the core cover gas, which is considered a "probably contaminated" radioactive system, 

vents to header 497. 

The pathway is described by plaintiffs witness as passing through vent header 492 to the 

suction tank. There is a vapor trap between the relief valve and the suction tank, which 

would serve to remove, or at least reduce, any radioiodine in the gas stream. The 

compressor suction tank is normally kept at a negative pressure relative to the vent header 

pressure. The suction tank operating range is between 13.2 psia and 10.7 psia: 

"Each compressor is controlled from a high and low pressure switch on 

the suction tank. The pressure switches for compressor A will be set to 

start it when the pressure in the suction tank is 13.2 psia [-IS psig] or 

higher, and to stop it when the pressure drops to 10.7 psia (-4 psig). The 

switches for compressor B will be set to start it when the pressure in the 



suction tank reaches 13.7 psia (-1 psig) with compressor A running and to 

stop it when the pressure drops to 11.2 psia (-3.5 psig) with compressor A 
3, [Ref. 11 pp 1051 running. . 

The compressors withdraw gas from the suction tank and force the gas into one of four 

holdup tanks. If the holdup tank were open to the stack, as hypothesized by Dr. 

Makhijani, the compressor suction tank could not be maintained at negative pressure. 

Furthennore, the compressors would be running at full speed and would not shut off. 

This would violate their procedure for startup, and would alert the operators of a problem. 

The suction tank pressure is indicated by PI 601. If the pressure exceeds the prescribed 

setting, an alarm is actuated in the reactor control room as BHPA-602. LRef I 1  pp 105.1 

There are measurements of holdup tank activity taken on July 9,10, and 1 1, prior to their 

venting to atmosphere (Appendix D). These measurements indicate that the valve 

alignment was to the suction tank as required, and not to the stack, assuming it were even 

possible to vent directly to the stack from the suction tank. There is no reason to believe 

that this alignment was ever changed, since accumulation of radioactive gas occurred as 

indicated by samples of the holdup tanks on July 15, and venting of holdup tank on July 

2 0 ~  . 

Figure 2.13 shows the vent gas system and headers, including the pathway identified by 

Dr. Makhijani. As shown in Figure 2.13, solenoid valve 604 is the solenoid valve that is 

closed by the stack monitor in the event that the activity of the release exceeds the stack 

monitor setpoint. Thus, if the stack monitor reached the setpoint, such as the event of 

July 12 when the stack monitor increased, it would close solenoid valve 604. The stack 

monitor showed an increase in activity again on July 15. The activity that was seen by 

the stack monitor on July 15th, could not have come fiom the holdup tanks via line 495, 

since the solenoid valve should have closed on July 12. 

The pathway described by Dr. Makhijani did not exist. 

6.1.2. Pathway - Fuel to Cover Gas via Moderator Can Vent Tube 

Dr. Makhijani maintains that a pathway for radioiodine release from the fuel to the cover 

gas was via the moderator can vent. In his report,lRef. 32 PP. 781 he states: 



"In addition, the damage to the moderator can surrounding core channel 

10 during the time of fuel damage provides a direct pathway for the iodine 

released from this element to reach the cover gas without interacting with 

the sodium coolant by flowing through the venting line of this 

moderator element. These mechanisms provide plausible means by 

which large quantities of iodine could have been released from the fuel 

while only a fairly small amount could have been found in the primary 

sodium." pmphasis added] 

The moderator tube vent line is installed in the moderator can to relieve pressure that may 

build up in the can during irradiation. This design feature is discussed in Section 2 of this 

report. The vent tube is not porous. The vent tube has an opening only at the bottom of 

the tube. The vent tube is not a pathway for radioiodine to transport to the cover gas. 

Section 4.3 discussed the attempts at dislodging some of the material believed to be 

interfering with heat transfer by jiggling the assemblies. When this was done on July 24, 

it was noticed that the element in core channel 10 was stuck in place, and had been fiee 

on the evening of July 22. Had damage to core channel 10 occurred earlier, of the nature 

described, it would not have been free to move on July 22. This reinforces the conclusion 

that core damage occurred between July 22 and July 24. 

The moderator can pathway did not exist. 

6.2. Mass Transfer Calculations 

Plaintiffs expert, Dr. Makhijani, was asked in his deposition if he had performed any 

flow rate calculations for his release. His answer was no. 

A simple calculation whereby the two hypothesized "major periods" of release, i.e., the 

cover gas ventings on July 1 2 ~ ~  and 1 5 ~ ~  would imply a release rate of 1330 curies 1l3' 

over a period of 10 hours, or approximately 133 curiesh. The specific activity of the 

cover gas would be 32 pCi/cc for 1131 assuming that the radioiodine was uniformly mixed 

in the cover gas. The volume of gas required to reduce the cover gas pressure from 2 

psig to 1 psig is 6% of the mass of helium present at 2 psig. An equivalent mass of 

iodine would be released along with the helium, (6% ) or approximately 80 curies. Thus, 



94% of his inventory would be left in the cover gas, at a concentration of 30.7 pCilcc. 

Using the same approach, the ventings of July 15~' would reduce the inventory by 7.3% 

for pressure reduction of 1.8 to 0.6 psig, and 11% for reduction of 3 to 1 psig. Thus, a 

total reduction of 18.3% of the remaining inventory would amount to only 228 Curies. 

6.3. Damaged Fuel Inventory 

Dr. Makhijani7s inventory in the damaged fuel for 1131 was reported to be 3900 Curies. If 

we assume that he considers the entire inventory to be released, then the 3900 curies is 

the maximum available for release to the environment. However, he clearly states that 

his upper bound for release to the environment is 2540 curies, [Ref. 32 pp 451 and his "best 

estimate" is 1330 curies. 

By the logic presented in Section 6.2 above, only 24% of the cover gas inventory could 

have been released via his hypothesis. This implies that the cover gas would have to 

contain 5542 curies on July 12, when his hypothetical "intermittent" release began. This 

amount is greater than what he maintains was available for release, by approximately a 

factor of 1 112, and is refuted by the plant data as well. 

6.4. July 12 Release 

The cover gas venting of July 12 was described by Dr. Makhijani as: 

"Shortly after this purging of the cover gas, at 5:00 pm "a sharp increase in 

the stack activity to 1.5 x lo4 pc/cm3 was noted ." As will be discussed in 

section 5 .D, the numerical value reported for the stack activity is not 

likely to be correct, but the timing of the increase in close correlation with 

the operators purging the reactor cover gas is significant." 

The cover gas was purged at 3.30 PM. The stack monitor increased at 5.00 PM,- one and 

one-half hours after venting the cover gas. Dr. Makhijani postulates that the two events 

are related, namely that the venting of cover gas caused the stack monitor to increase. 

The velocity in the 2-inch diameter vent pipe would be approximately 0.5 Wsec. The 

length of pipe from the reactor cover gas to the stack via his pathway is approximately 

340 feet. At a velocity of 0.5 Wsec, the gas would reach the stack in 1 1 seconds, 

essentially simultaneous with opening the valve to reduce pressure. 



For the pressure venting to be related to the stack monitor, the length of pipe in the vent 

system would have to be 2700 feet in length. Dr. Makhijani's hypothesis does not 

correlate with the physical design of the plant. 

6.5. Time of Fuel Damage 

Dr. Makhijani makes an argument that the fuel was damaged during the "reactivity 

excursion" of July 1 3th. He ignores the conclusion and experiments that were performed 

by the A1 investigators as to the reasons for fuel damage, (the cycling across the a - f l  

transition temperature until cladding failure) during the time period July 22-24. 

Specifically, the following items provide indication that fuel failure was in the time 

period July 22-24 time frame: 

Data of temperature oscillations on a test specimen of fuel after Run 14 

indicated cladding failure occurred after temperature oscillation through 

a - Q transition temperature, which were experienced by the core during 

the time frame July 22-24. 

Gross measurement of holdup tank samples taken on July 20 do not 

indicate gross fuel failure. 

The ratio of XeKr on July 13 in the fuel is less that that on July 23, and 

measurement data from cover gas is closer to the ratio of July 23 than that 

of July 1 3. 

The failure of the moderator can in core channel 10 occurred after July 22, 

as demonstrated by the fact that it was freely moving when it was 

"jiggled" on July 22. 

The original A1 investigators identified conditions that would cause major fuel damage 

during temperature oscillations between July 22 - 24th, as discussed in Section 4 of this 

report. Dr. Makhijani thus postulates a release of greater magnitude than the data support, 

and proposes that it occurred at a totally different time than records suggest. 



The feasibility of a July 12 fuel damage release was investigated. The holdup tank 

volumes sampled and released on July 20 contained activity when decay corrected to July 

1 3 ~ ~  amounted to 5.7 curies ~ e ' ~ ~  and 2 curies ld5, according to gross activity 

measurements. The holdup tank was filled between July 3'* and July 20" , as indicated by 

the fact that 3 holdup tanks prior to July 20 were released on July 9,10, and 1 1. One 

holdup tank has to be aligned at all times to the suction tank according to operating 

procedures. While it cannot be ruled out that no damage occurred during the 12~~-15th 

time h e ,  the activity in the holdup tank on July 20 is not of a magnitude to imply gross 

he1 damage. 

Section 6.1 discussed the observations of core channel 10 moderator can. 

6.6. Comparison to TMI Release 

Dr. Makhijani maintains that: 

"Our best estimate for the amount of iodine-13 1 released during the July 

1959 SRE accident is 80 to 100 times larger than the official estimate for 

the release of radioiodine to the environment fiom the 1979 partial core 

meltdown at Three Mile Island. The full range of our estimates are 

approximately 20 to 200 times the official estimate for the TMI iodine-13 1 

release . r r p e f .  32 pp 451 

Since the TMI-2 power reactor was considerably larger than the SRE, (2772 MW vs. 20 

MW) it is relevant to compare fission product quantities, fuel damage quantities, and 

fission product release fractions before making statements such as above. A comparison 

of the TMI fuel inventory vs. SRE and other relevant data are presented in Table 6.1 

below: 

Table 6.1 Comparison of SRE to T M - 2  

I Item TMI-2 I SRE* I 
Fuel Loading (Tons U) 94 3 



Reinforced concrete None 

3 0 Per cent Damaged Fuel 
I 

100 

I- 1 3 1 Inventory (grams) 

1-1 3 1 Inventory (1 06curies) 

547 

Environmental (Ci) t 
'According to Dr. Makhijani 

- 

0.15 

65.4 

Release Fraction (Airborne) 

F 
According to Dr. Makhijani, the SIZE environmental release was 100 times the TMI 

0.0192 

8-14 

release, even though the SRE contains approximately 3 % of the fuel that TMI-2 

1330* 

0.00003 

contained, and there was no molten SRE fuel. The inventory of 1131 in the SRE was 

0.07* 

0.03% that of TMI. All parameters that contribute to release from fuel are higher in the 

TMI column than SRE. All experimental evidence is contrary to Dr. Makhijani7s figures. 

The comparison of "apples to apples" can only be done by comparing release fractions. 

Release fractions for airborne 1131 at TMI ranged fiom 0.00007 to 0.00003, depending on 

the analysis selected. The figure is the most reliable, since there is no correction for 

half-life. Table 6.1 contains the release fraction derived from samples. 

The release fraction for 1131 for TMI was reported in a letter from Dr. Dave Campbell, 

ORNL, to Dr. Andrew Hull, BNL, in 1980, using data provided by the author.[Ref. 331 

Dr. Makhjani7s "estimated" release fraction for the SRE is 2,000 times higher than the 

reported release fraction for TMI. He based his estimate on a single sample of primary 

sodium that he maintains, indicated a greater release of iodine. The knowledge of iodine 

behavior has certainly expanded since 1959, when the A1 investigators commented that 

they expected iodine to be more volatile. He disregards the gross measurements in the 

primary sodium and cover gas, since they do not report specific isotopes. He disregards 

radiation monitor responses. In short, there is no evidence whatever to support his 

release, and disregards evidence that is contrary to his conclusions. 



6.7. Makhijani's Release From Fuel 

Table 6.2 contains a summary of Makhijani's damaged fuel inventory. The column "Fuel 

Release Fraction" is the fiaction of the damaged fuel inventory assumed to be released. 

The "Environmental Release Fraction" column is the fiaction of damaged fuel destined to 

be released to the environment. 

The xenon environmental release fraction was given as 0.45, exactly the same as the 

release from fuel. This implies that 5700 curies of ~e~~~ was released from the fuel, and 

5700 curies ~ e ' ~ ~  escaped to the environment. That leaves a total of zero curies ~e~~~ in 

the plant, following the incident. The holdup tank activities, when decay corrected back 

to the time of release, amount to 1266 curies, and would be even more if decay corrected 

to July 13. 

Isotope 

If Makhijani's release from he1 and to the environment (via a nonexistent pathway) left 

zero curies in the plant, there is a discrepancy of 1266 curies that must be resolved. The 

evidence from the plant must take precedence over a theory that violates the physical 

laws of nature. 

6.8. Diffusion of Fission Products 

Inventory (Ci) 

Dr. Makhijani states in his report [Ref. 32 pp 781 that: 

". . ... the fuel in the SRE had been maintained at a high temperature for 

approximately two weeks prior to run 14 aiding in the diffusion of fission 

Fuel Release 

Fraction 

Environment Release 

Fraction 



Actually, the reactor was shut down for a period of approximately 39 days prior to Run 

14, and could not have been "maintained at a high temperature for approximately two 

weeks" as Makhijani claims. 

The diffusion of fission products was investigated as a possible means of release. The 

result of this investigation determined that diffusion fi-om metallic hels was small in 

comparison to the eutectic release. Difhsion is a means for release fiom oxide hels, but 

is on the order of 1 o4 percent of inventory in metallic fuels for a temperature of 800 OF 

held for a 24 hour period. Diffusion may increase by an order of magnitude for 

temperatures between 900 and 1400 OF, IRe" 351 which is still considered insignificant. 

6.9. Environmental Sample Data 

A discussion on environmental samples taken during July-August is found is Section 5.5. 

There was no indication of a release of the magnitude that Makhijani claims. Air sample 

data showed no activity above normal background for the sites monitored. [See Appendix F] 

The results of analysis for were reviewed fiom data collected at sites adjacent to the 

Santa Susana Field Laboratory. pef. 48,49,50,51,52,53,54] This sampling program was conducted 

to determine if chemicals or radionuclides had migrated or had been deposited on two 

properties located northhorthwest of the Santa Susana Field Laboratory known as the 

Brandeis-Bardin Institute and the Santa Monica Mountains Conservancy. A total of 11 8 

soil samples were analyzed for that were collected fiom the study area. None of the 

samples analyzed had activities above the lower limit of detection. The lower limits 

of detection varied between 0.03 and 3.3 picoCuries1gram. It is concluded, therefore, that 

there is no environmental evidence of a release of radioiodine from the SRE of the 

magnitude claimed by Dr. Makhij ani . 

6.10. Intermittent vs. Continuous Release 

After completion of his report, Dr. Makhijani modified his release "duration" to have 

occurred assuming 

" ... a continuous release between 5:00 p.m. between July 12, when the 

reactor cover gas venting began, and about noon July 15, 1959, following 



the completion of the second cover gas venting. The actual releases were 

likely episodic throughout this period, but the number and size of the 

individual events cannot now be scientifically reliable way." 

There is no basis in any of the AI reports for an "episodic" release. In his report, Dr. 

Makhijani seems to imply that July 13 was the "major" period of fuel failure. He thus 

contradicts his hypothesis in his amended statement. 
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The analysis in this report documents the results of my study of whether or not releases of 

I- 13 1 occurred from the stack during or as a result of the July, 1959 incident. The results 

indicate conclusively that iodine isotopes were retained within the plant. I reserve the 

right to testify about any of the opinions offered by plaintiffs experts during the trial in 

this matter. 

r,,! j : , b  
Date 



7. References 

1. Ballif, J. "Interim Report on Fuel Damaged at the SRE During Run No. 14", 

Atomics International, NAA-SR-TDR-443 1, September, 1959. 

(BNA08449977) 

2. Jarrett, A., et.al., "SRE Fuel Element Damage, An Interim Report", Atomics 

International, NAA-SR-4488, November, 1959. 

(BNA03439250) 

3. Fillmore, F., et. al., "SRE Fuel Element Damage, Final Report", Atomics 

International, NAA-SR-4488 (suppl.), 1961. 

(BNA0343 9426) 

4. Hart, R., "Distribution of Fission Product Contamination in the S R E ,  Atomics 

International, NAA-SR-6890, March, 1962. 

(BNA0840400) 

5. Carroll, J.W., et. al., "Sodium Reactor Experiment Decommissioning Final 

Report", ESG-DOE-13403, August 15,1983, 

(BNA03868709) 

6. Nicholson, J.O., et.al., "Sodium Reactor Experiment Operator Training Manual", 

Atomics International, NAA-SR-6895, March 4, 1965 

(BNA01134270) 

7. Atomics International, "Sodium Reactor Experiment Power Expansion Program 

Reactor Safety Analysis Report", NAA-SR-95 16, November 2, 1964, 

(BNA00456369) 

8. Campbell, K.H., Deegan, G.E., "Manual of Standard Operating Procedures for the 

Sodium Reactor Experiment", Atomics International, NAA-SR-Memo-1738, 

December 26, 1956 

(BNA07879504) 

9. Campbell, K.H., Deegan, G.E., "Manual of Standard Operating Procedures for the 

Sodium Reactor Experiment", Atomics International, NAA-SR-Memo-1738, 

(BNAO3 967732) 

7 - 1  



10. Durand, R.E., et.al., "SRE Standard Operating Procedures", Atomics 

International, NAA-SR-Memo-5326, June 27, 1960 

(BNAOO457851) 

11. Johnson, D.H., et.al., "Pre-Operational Acceptance Tests Procedures for the 

Sodium Reactor Experiment", Atomics International, (Sodium Graphite Reactors 

Group, Atomics International), July 17, 1956 

(BNA03968609) 

12. Freede, W. J., "SRE Core Recovery Program", Atomics International, NAA-SR- 

6359, December 31,1961, 

(BNAO8411821) 

13. Tung, Thomas, et-al., "SRE Power Expansion Program Reactor Safety Analysis 

Report", Atomics International, IVAA-SR-95 16, July, 1964 

(BNAO0459070) 

14. SRE Staff, "Sodium Reactor Experiment- Operations Manual", Atomic 

International, February 1965 

(BNA02007609) 

15. Letter, Humphrey, T.F.,(AI) to Pollman, A.P., (AEC), "Description of SRE Cover 

Gas System", May 22,1958 

(BNA00635268) 

16. Nebiker, N.B., Technical Data Record, "SRE Radioactive Vent System, P&I 

Diagram 9693-978 102", Atomics International ,December 18, 195 7 

(BNA023 44948) 

17. Borg, G. "Wash Cell Incident at the Sodium Reactor Experiment", Atomics 

International, AI-Memo-5 155, April6, 1960 

(BNA07 198 106) 

18. Thompson, T.J., Beckerley, J.G., "The Technology of Nuclear Reactor Safety", 

Volume 1, Reactor Physics and Control, [Excerpt-no date], 

(BNAOl347985) 



19. Minutes of Meeting, Ad Hoc SRE Review Committee, Atomics International, 

August 7, 1959 

(BNA02019864) 

20. Lederer, C.M., Shirley, V., et-al., "Table of Isotopes, Seventh Edition", John 

Wiley & Sons, New York, New York, 1978. 

21. Croff, A.G., "ORIGEN2, Isotope Generation and Depletion Code- Matrix 

Exponential Method", Oak Ridge National Laboratory, CCC-371, July, 1980. 

22. Crawford, A.C., "SRE First Core", Technical Data Record, Atomics International, 

May 16, 1960, 

(BNA02335530) 

23. Burch, R.D., AI Interoffice Letter, "SRE Facility Survey", February 28, 1963 

(BNA02008329) 

24. Kunkel, W.P., et. Al., "Fission Product Retention By Reactor Coolants, Initial 

Report", Atomics International, NAA-SR-Memo-7663 

(BNA08370457) 

25. Atomic Power Development Associates, Inc. "Report on the Fuel Melting 

Incident in the Enrico Ferrni Atomic Power Plant on October 5,1966", APDA- 

233, December 15,1968. 

26. Atomic Power Development Associates, Inc, "October 5, 1966 Fuel Damage 

Incident at the Enrico Fermi Atomic Power Plant - Status as of February 24, 

1967," NP-16750 (1 967). 

27. Material Safety Data Sheet, "Potassium-Sodium Alloy -NaK", Callery Chemical 

Company, Pittsburg, Pennsylvania, January 3,2000 

28. Sodium Reactor Subcommittee, R.L. Ashley and A.A. Jarrett, AI Interoffice 

Letter, "SRE Facility Survey", Jan 08, 1063, 

(BNA02008396) 



29. Fillmore, F.L., "Analysis of SRE Power Excursion of July 13, 1959", Atomics 

International, NAA-SR-5 898, September 15, 196 1 

(BNA00617492) 

30. Ballif, J.L., "Metallurgical Aspects of SRE Fuel Element Damage Episode", 

Atomics International, NAA-SR-45 15 

(BNA08399718) 

3 1. Britton, R.O., "Analysis of the EBR-I Core Meltdown", Proceeding of the Second 

United Nations International Conference on the Peaceful Uses of Atomic Energy, 

Geneva, Switzerland, Vol. 12, pp 267-272, 1958 

32. Makhijani, Dr. Arjun, "Iodine-131 Releases fiom the July, 1959 Accident at the 

Atomics International Sodium Reactor Experiment", Institute for Energy and 

Environmental Research, January 13,2005 

33. Letter, Dr. Dave Campbell, ORNL, to Dr. Andrew Hull, re "1131 Content of TMI 

Containment Building Atmosphere", Brookhaven National Laboratory, July 24, 

1980 

34. Harper, B.E., "Safeguards Evaluation of Recent SRE Experience Applicable to 

HNPF", Atomics International, NAA-SR-4504 

(BNA08450 147) 

35. Barnes, R.S., et.al., "Swelling and Inert Gas Diffusion in Irradiated Uranium," 

Proceedings,. Second United Nations International Conference on the Peaceful 

Uses of Atomic Energy, Geneva, Switzerland, September 1-1 3, 195 8. 

36. Durand, R.S., "SRE Data Sheets", Atomics International, NAA-SR-Memo-1656, 

(BNA02343397) 

37. Inter-Office Letter, Hart to Droher and Hagel, ''Summary of Calculations 

Concerning Fission Product Contamination of SRE Primary Sodium", Atomics 

International, October 2 1, 1 95 9, 

(BNA02009995) 

38. Inter-Ofice Letter, C.W. Griffin to W.S. DeBear, "Analysis to Determine the 

Possible Effects of Gradual or Sudden Restriction of Moderator Coolant in the 

7 - 4 



Region of a Cell Having a Completely Plugged Fuel Coolant Channel", Atomics 

International, October 20, 1959, 

(BNA020 1 0008) 

39. Siegel, S., et.al., "Basic Technology of the Sodium Graphite Reactor", Atomics 

International, North American Aviation, 

(BNA07 13 1963) 

40. McClure, J.J., "Buildup of Fission Products in Recycled SRE Fuel", Atomics 

International, NAA-SR-Memo- 1897, March 29, 1957, 

(BNA077133598) 

4 1. Vernon, A.R., "Two Group SRE Fluxes in Two Dimensions", Atomics 

International, NAA-SR-3515,June 15, 1959, 

(BNA08136267) 

42. Neyrnark, R.S., "Rate of Alloying of Uranium Alloys with Stainless Steel, /Part 1- 

1800-2300 Degrees Fr',Atomics International, NAA-SR-3278, June 1, 1960, 

(BNAO83 14970) 

43. Hulin, M.W., "SRE Project Technical Specifications", Atomics International, 

NAA-SR-TDR-333 1 ,January 22,1959, 

(BNA08383497) 

44. Anderson, F.D., "Experimental Results of Radiation Measurements Performed 

About SRE Rotatable Top Shield Area", Atomics International, NAA-SR-TDR- 

3536, February 17, 1959, 

(BlNA0844578 1) 

45. Hinze, R.B., "Observations of Carbon in SRE Sodium", Atomics International, 

NaAA-SR-Memo-4479, October 12,1959, (BNA08450115) 

46. Noyes, R.C., "Study of Fuel Temperature and Flow Effects of Plugging in SRE 

Fuel Channels", Atomics International, NAA-SR-TDR-4952, 

(BNA08452832) 

47. Hilliard, R.K., "Fission Product Release From Uranium Heated in Air", General 

Electric, Hanford Atomic Products Operation, October 19, 1959 " 



48. McLareniHart, "Multi-Media Sampling Report for the Brandeis-Bardin Institute 

and the Santa Monica Mountains Conservancy, Volume I, Final Report, March 

10,1993 (BNA00053 1) 

49. McLareniHart, "Multi-Media Sampling Report for the Brandeis-Bardin Institute 

and the Santa Monica Mountains Conservancy, Brandeis-Bardin Human 

Activities Areas Analytical Data, March 10, 1993 

(BNA002225) 

50. McLaren/Hart, "Multi-Media Sampling Report for the Brandeis-Bardin Institute 

and the Santa Monica Mountains Conservancy, Santa Monica Mountains 

Conservancy Analytical Data, March 10,1993 

(BNAOO 1 3 93) 

5 1. McLareniHart, "Multi-Media Sampling Report for the Brandeis-Bardin Institute 

and the Santa Monica Mountains Conservancy, Brandeis-Bardin Ravine 

Analytical Data, March 1 0,1993 

(BNA000267) 

52. McLaren/Hart, "Multi-Media Sampling Report for the Brandeis-Bardin Institute 

and the Santa Monica Mountains Conservancy, Quality Assurance/Quality 

Control Data, March 1 0,1993 

(BNAOO 1608) 

53. McLareniHart, "Multi-Media Sampling Report for the Brandeis-Bardin Institute 

and the Santa Monica Mountains Conservancy, Volume I1 DHS and USEPA 

Reports, March 10, 1993 

(BNAOO 1 026) 

54. McLaren/Hart, "Additional Soil and Water Sampling at the Brandeis-Bardin 

Institute and Santa Monica Mountains Conservancy, (Prepared for Rocketdyne), 

January 19, 1995 

(BNA0030 14) 



Appendix A 

Papers and Publications 



1. J.A. Daniel, et al, Licensing Assessment of the French Pool Type LMFBR Phoenix, Super 
Phoenix, UE&C-ERDA-760930, Sept. 1976 

2. J.A. Daniel, et al, Licensing Assessment of the CANDU Pressurized Heavy MJater Reactor, 
UE&C-ERDA-770630,COO-2477-4, June 1977 

3. W N .  Bishop, D.A. IVitti, N.P. Jacob, J.A. Daniel, Fission Product Release from the Fuel Fol- 
lowing the TMI-2 Accident, Thermal Reactor Safety Conference, April, 1980 (Invited) 

4. J.A. Daniel, E.A. Daniel, J.J. Neville, Methodology for Calculation of Integrated Dose to 
EPICOR-I1 Prefilters, Dec. 1980 

5. J.A. Daniel, E.A. Daniel, Radionuclide Release Fractions and Release Paths Following the 
TMI-2 LOCA, Ontario Hydro Presentation, July 198 1 (Invited) 

6. J.E. Cline, C.D. Thomas, Jr.. J.A. Daniel, E.A. Daniel, et al, Measurements of Activities in 
the Reactor Coolant Bleed Tanks at TMI-2, August 198 1 

7. J.A. Daniel, E.A. Daniel, C.D. Thomas, Jr., et al, Radionuclide Mass Balance of TMI-2 Ac- 
cident, SAI - 139 - 8 1 - 02 - RV, Sept. 198 1 

8. E.D. Barefoot, J.E. Cline, C.D. Thomas, Jr., J.A. Daniel, E.A. Daniel, et al, & 
Decontamination Gamma-Ray Surface Scans in TMI-2 Containment Building 305' Elev., SAI - 
139 - 81 - 10 - RV, Dec. 1981 

9. E.D. Barefoot, J.E. Cline, C.D. Thomas, Jr., J.A. Daniel, E.A. Daniel, et al, Pre- 
Decontamination Gamma-Ray Surface Scans in TMI-2 Containment Building 347' Elev., SAI - 
I39 - 82 - 02 - RV, Mar. 1982 

10. E.D. Barefoot, J.E. Cline, C.D. Thomas, Jr., J.A. Daniel, E.A. Daniel, et al, Pre and Post 
Decontamination Gamma-Ray Scans of TMI-2 Containment Surfaces, Elevations 305' and 347', 
SAI-  139-  8 2 - 0 5  -RV,  April 1982 

11. E.A. Daniel, J.A. Daniel, et al, Analysis of Debris in TMI-2 Makeup Filter Housings by 
Gamma Ray Scanning, SAI - 139 - 82 - 07 - RV, May 1982 

12. J.A. Daniel, E.A. Daniel, et al, Analysis of Debris in TMI-2 Letdown Block Orifice and As- 
sociated Piping bv Gamma-Ray Scanning, SAI - 139 - 82 - 13 - RV, Oct. 1982 

13. J.A. Daniel. " 1 OCFR5O Appendices A and B, Lecture to Philadelphia Section of ASME", 
May 1981 



14. J.A. Daniel, E.A. Daniel, et al, Analysis of Three Sections of the TMI-2 H8 Leadscrew by 
Collimated Gamma Spectroscopy, SAI - 139 - 83 - 01 - RV, Dec. 1982 

15. J.A. Daniel, J.C. Cunnane, "Characterization of Fission Product Deposition in the TMI-2 Re- 
actor Coolant and Auxiliary Systems", ANS Winter Meeting, Nov. 1982, (Invited) 

16. J.A. Daniel, E.A. Daniel, et al, Characterization of Contaminants in TMI-2 Systems, EPRI 
NP2922, Interim Report, Mar. 1983 

17. C.A. Pelletier, J.A. Daniel, E.A. Daniel, J.R. Noyce, et al, Preliminary Radioiodine Source 
Term and Inventory Assessment for TMI - 2, GEND 028, March 1983 

18. J.A. Daniel, E.A. Daniel, J.R. Noyce. Iodine-131 Releases from Millstone Unit-2 Steam 
Generator Blowdown Vent, SAI - 139 - 83 - 02 - RV, March 1983 

19. J.A. Daniel, E.A. Daniel. Fuel Debris Characterization Outside TMI-2 Reactor Core, Ameri- 
can Ceramic Society Annual Meeting, April 1983 

20. J.A. Daniel, E.A. Daniel, et al, Analysis of Debris in TMI-2 Makeup and Discharge Piping by 
Gamma-Ray Scanning, SAI - 139 - 83 - 03 - RV, May 1983 

21. J.A. Daniel, E.A. Daniel, et al, Analyses of the H8 Leadscrew from the TMI-2 Reactor Ves- 
sel, SAI - 139 - 83 - 04 - RV. May 1983 - 

22. J.A. Daniel, E.A. Daniel, Identification of Fuel Debris in TMI-2 Systems bv Gamma-Ray 
Spectroscopy, American Nuclear Society Summer Meeting, June 1983 

23. J.A. Daniel, E.A. Daniel, et al, Analyses of the H8, B8, & E9 Leadscrews from the TMI-2 
Reactor Vessel, SAI - 8311083, Aug. 1983 

24. J.A. Daniel, E.A. Daniel, et al. Analyses of TMI-2 Reactor Coolant Evaporator Feed Tank by 
Gamma-Ray Scanning, SAI - 83/l2l l ,  October 1983 

25. J.A. Daniel, E.A. Daniel, Post Accident Sampling & Measurement Experience at TMI-2, 
American Nuclear Society Winter Meeting, November. 1983 

26. J.A. Daniel, E.A. Daniel. Salem IJnit-2 Fission Product Inventory for Emeraencv Planning, 
SAI-8411015, January 1984 

27. J.A. Daniel. E.A. Daniel, et al, Characterization of Contaminants in TMI-2 Systems, EPRI 
NP-3694. Sept. 1984 

28. J.A. Daniel, K.K. Niyogi, P. Karousakis, CONTRAN - A Containment Pressure- 
Temperature Code. D&A-2000, Aug. 1984 



29. J.A. Daniel, E.A. Daniel, An Engineering Analysis of Frank W. Hake Associates Saf- 
eStore/SafeShop Decommissioning Costs, DA-EC/8603, March 1986 

30. J.A. Daniel, E.A. Daniel, E.L. Seth, Jr., Correlation of Radioiodine Resuspension with Tem- 
perature at TMI-2, NUREGICR-4953, July 1987 

3 1 .  J.A. Daniel, E.A. Daniel, Noble Gas Transport During the TMI-2 Accident ,DA-TW9210, 
April 28, 1993, (litigation document) 

32. J.A. Daniel, E.A. Daniel, Review of Richard Webb's Analysis o f  the Three Mile Island Nu- 
clear Accident with respect to the Release o f  -Noble Gas Fission Product Radioactivity Release 
into the Environment", DA-TW9506, July 27, 1995 (litigation document) 

33. J.A. Daniel, E.A. Daniel, Review of David Lochbaum's Noble Gas Released Via the TMI-2 
Letdown Line , DA-TR19602, February 6, 1996, (litigation document) 



Appendix B 

SRE Piping & Instrumentation Diagrams 

Radioactive Waste Systems 



BNA00457851 

Pages 11-C-2 through 11-C-4 

Pages 11-E- I ,  ZI-E-3 

Page III-A-1 

Page V-1, -2, -4 

Pages W-1 through VII-4 

Pages XV-22 and XV-23 

BNA00635268 

Pages 1 through 3 

BNAO1134270 

Pages 111-69, -70 

V-3 through V-5, V-18, V-20, V-27 

BIVA03967732 

Pages 67,88, 96,99, 177, 178, l86-193,203,221 

BNA03968609 

Pages 102- 1 15 

BNA07879504 

Pages 362-366,368-371 



h )  Open f i l l  va lves  V-156 and r e a c t o r  sodium i n l e t  valve V-103. 

i )  Watch the l ine  t e m p e r a t u r e  r eadou t s  on L L 4 ,  L L 5 ,  and L L 7  f o r  

ind ica t ions  tha t  sodium has  p a s s e d  into, the suc t ion  s ide  of the m a i n  

p r i r n a r y  pump. When these  t e m p e r a t u r e s  l e v e l  out  a t  sodium t e m -  

p e r a t u r e s ,  sodium h a s  pas sed  into the l ine .  Es t ab l i sh  pump c a s e  

f r e e z e  s e a l  by opening the vent  p r e s s u r e  c o n t r o l  bypass  valve 

(V-521C) and i n c r e a s e  the purnp ' speed  to  500 r p m .  Af t e r  5  m i n ,  

c l o s e  t h i s  va lve  and p r e s s u r i z e  t h e  pump  c a s e  to 0.5 ps ig .  

j ) S t a r t  aux i l i a ry  p r i m a r y  pump and  run  a t  m i n i m u m  speed  (450 rp ln ) .  

k )  When r e a c t o r  sodium level  r e a c h e s  130 in .  f r o m  the loading f ace  a s  

ind ica ted .  by the leve l  co i l ,  open  the  following sodium valves :  V- 101, 

V-1'5, and V-177. 

I ) Moni to r  aux i l i a ry  p r i m a r y  p i p i n g . t e r n p e r a t u r e s  r e a d  out  on LL114 ,  

L L 1 1 5 ,  LL116,  LL117,  and L L l l 9 .  When t h e s e  t e m p e r a t u r e s  

l e v e l  out a t  sodium t e m p e r a t u r e s ,  the  a u x i l i a r y  p r i m a r y  pump i s  

p r i m e d .  Vent pump c a s e  to e s t a b l i s h  f r e e z e  s e a l  by opening the 

vent  p r e s s u r e  con t ro l  bypass  va lve  (V-521 -C). Then i n c r e a s e  the  

aux i l i a ry  p r i m a r y  pump  speed  to  500 r p m .  Af t e r  5 m i n ,  c lo se  t h i s  

va lve  .and p r e s s u r i z e  the pump c a s e  to 0.5 p s ig .  

m )  When r e a c t o r  sodium level  r e a c h e s  120 in .  f r o m  the  loading face  a s  

ind ica ted  by the leve l  co i l ,  c l o s e  sodium f i l l  va lve  V-156. The  ma in  

and  aux i l i a ry  p r i m a r y  s y s t e m s  a r e  now f i l l ed .  

n )  If g a s  voids o r  o ther  c a u s e s  p reven t  e s t ab l i sh ing  flow in f i l l  l ine 156, 

a  de l t a  P can  be es tab l i shed  between the p r i m a r y  f i l l  tank and the 

r e a c t o r  t o  provide  an  ini t ia l  d r iv ing  f o r c e  t o  ge t  flow s t a r t e d .  Maxi -  

m u m  al lowable p r e s s u r e  o n  p r i m a r y  f i l l  t a n k  i s  15 ps ig .  This can  

be accompl i shed  by doing the fol lowing p r i o r  t o  s t ep  g) .  

1  ) Open vent valve (V-497) and  .vent r e a c t o r  and p r i m a r y  f i l l  

tank to  0.5 ps ig .  

2 )  Close  vent va lves  1 3 7  and  496 to i s o l a t e  p r i m a r y  fill  tank 

f rom '  r e a c t o r .  



3) P r e s s u r i z e  p r i m a r y  f i l l  tank to 4.0 psig by opening p r e s s u r e  

control  valve V-401. This  valve i s  controlled f r o m  panel in 

the control room.  

4 )  Continue with steps g ) ,  h ) ,  and i). NOTE: The p r imary  fill  

tank p r e s s u r e  will drop due to sodium being displaced f rom 

the p r imary  fi l l  tank into the p r i m a r y  l ines.  This p r e s s u r e  

should be monitored closely and maintained a t  3 . 5  *0.5 psig. 

5 )  When step .9 i s  completed,  open vent valves 137 and 496 to 

establish a common atrno sphere  between the p r i m a r y  fi l l  tank 

afid the reactor .  

Lf for  any reason ,  line 156 cannot be used fo r  filling the p r i m a r y  sys tems ,  

the following a l ternate  procedure may be followed: 

a )  Check to see  that a l l  preheat  thermocouples on main p r imary  and 

auxil iary p r imary  sys tems  and l ines 1 1 2  and 113 a r e  indicating 

between 300 and 500°F  and that the reac to r  t empera tu re  i s  a t  300°F. 

b )  Check to see that the f reeze  t r a p  on line 1 7 6 i s  open f o r  gas removal 

and that the f reeze  t r a p  t empera tu re  i s  l e s s  than 150°F .  This i s  

accomplished b y  opening helium P C  station 446-V305A & B. If 

helium flow i s  established,  the t r ap  i s  open. If flow cannot be 

established,  energize heater switch SS-1 and melt  the sodium seal .  

T r a p  temperature  i s  read out on S S - 5 .  

c )  Check to see  that the f reeze  t r a p  on line 103 i s  open fo r  gas r e -  

moval and that the f reeze  t r a p  t empera tu re  i s  l e s s  than 150°F.  

This  i s  accomplished by opening helium P C  station 436-V312 A &  B. 

If helium flow i s  established,  the t r a p  i s  open. If flow cannot be 

es tabl ished,  energize  heater  switch SS- 1 2  and mel t  the sodium seal .  

This temperature  i s  read out on DH-2 

d )  Check that there i s  coolant flow on the main and auxil iary p r imary  

pump case  and shaft f reeze  sea l s .  

e )  Open the following sod~urn  valves: V-101, V-103, V-113, V-175, V-177. 

f )  Close reactor  drain and fill valve V-112. 
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g)  Check to see  tha t  t he re  i s  coolant  flow on the following valve f r e e z e  

s e a l s :  V-101, V-!03, V-175, and V-177. 

h) Open vent valves V-137 and V-496. 

i ) Place  the  panel NN f lowmeter  swi tch  in the " r e a c t o r  f i l l "  posi t ion 

and the cont ro l  room f lowmeter  in the "fill ' '  posi t ion.  

j )  S t a r t  the  main and aux i l i a ry  p r i m a r y  pumps a t  m i n i m u m  speed.  

(100 and 450 r p m  respect ive ly) .  

k )  S t a r t  t he  r e a c t o r  f i l l -and-dra in  p u m p  in  the f i l l  d i rec t ion  and s e t  

the  voltage a t  50. 

1 )  Open V-112 and inc rease  f i l l -pump voltage to 150. Obse rve  flow- 

m e t e r  to see  tha t  sodium i s  flowing. J.f sodium flow is not  e s t ab -  

l i shed ,  s top the fill  pump and c l o s e  V-112. Then  c l o s e  V-137 and 

V-496. Es tabl i sh  a del ta  P between the r e a c t o r  and the  p r i m a r y  

fill  tank by p res su r i z ing  the f i l l  tank to  4.0 ps ig  and venting the 

r e a c t o r  to 0.5 psig.  S t a r t  the d r a i n  pump and open V- 112, V-137. 

and V-496. 

m )  When the level  co i l  indica tes  the r e a c t o r  level  i s  160 i n . ,  open the 

ma in  and auxi l ia ry  p r i m a r y  -pump-  c a s e  vent va lves  and allow sodi-  

um to en te r  the  pumps.  Then open vent valve V-199 f o r  l ine 176 

f r e e z e  t rap .  Continue to vent  f r o m  l ine 176 f r e e z e  t r a p  until  flow 

i s  es tabl i shed in  both m a i n  and aux i l i a ry  p r i m a r y  loops.  

n )  Continue to f i l l  r e a c t o r  until the l eve l  co i l  i nd ica te s  r e a c t o r  l eve l  

is 126 in .  Stop the dra in-and-f i l l  pump and c l o s e  V-112. 

O )  Observe  a l l  f r e e z e - s e a l  t e m p e r a t u r e s  and ad jus t  coolant f lows to 

mainta in  t e m p e r a t u r e s  below 150°F.  Es tab l i sh  he l ium backup 

p r e s s u r e  on both the pumps and va lves .  P r e s s u r e  i s  to be ma in -  

tained a t  0.5 psig.  

2. Main Secondary-Sodium S v s t e m  

The following p rocedure  i s  t o  be used in f i l l ing the  m a i n  secondary  s y s -  

0 t e m :  
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E .  DRAINING 

Draining of the sodium sys ' tems i s  accompl i shed  by ene rg iz ing  a n  EM pump 

and p r e s s u r i z i n g  the s y s t e m  to be d ra ined .  Sodium flows through a  d r a i n  line to  

one of two sodium dra in-and-f i l l  t anks .  As sodium f i l l s  the tank, i n e r t  gas  i s  

vented to  the radioac t ive  vent s y s t e m  o r  t o  a t m o s p h e r e  depending on whether  the 

sodium i s  p r i m a r y  o r  secondary  sodium.  

The  object ive of t h i s  ~ r o c e d u r e  i s  to p e r m i t  the sodium s y s t e m s  to  be d ra ined  

to the  f i l l  t anks  in a  m a n n e r  which p e r m i t s  e a s y  maintenance  on the s y s t e m s  by 

prevent ing  holdup of sodium.  The  Shift ~ u ~ e k v i s o r  mus t  au tho r i ze  proceeding  

with the following s teps :  

1.  P r i m a r y  -Sodium Sys tems  

Condition No. 1 - The r e a c t o r  sodium l e v e l  is to  be r educed  to the top  of 

the  m o d e r a t o r  cans .  

T o  d ra in :  

a) The  co re  loading m u s t  be reduced t o  d r y  c r i t i c a l  (15  e l e m e n t s ) .  

NOTE: A thimble m u s t  be provided  fo r  the por table  l eve l  probe.  

T h i s  wil l  be in se r t ed  in the r e a c t o r - w h e n  fuel i s  being removed.  

b) Obse rve  the  preheat  t he rmocoup les  on  the dra in-and-f i l l  l i nes  112 

and 113 and the d ra in  line s t r a i n e r  l i n e s  t o  s e e  that  the t e m p e r a t u r e s  

a r e  a l l  above 3 0 0 ° F .  

c )  Check that  p r i m a r y  f i l l - tank  t e m p e r a t u r e  i s  being 350 and 400°F.  

d) P l a c e  panel  NN f lowmeter  s e l e c t o r  swi tch  in the r e a c t o r  d ra in  

posi t ion.  P l ace  the con t ro l - room f lowmete r  s e l e c t o r  switch in the 

d r a i n  posi t ion.  

e )  Check open-vent-valves V-137 and V - 4 9 6 .  

f )  Connect  the  portable l eve l  probe  t o  the  ampl i f i e r  and ene rg ize  the  
. \ 

ampl i f i e r  . 
NOTE: T h e  probe  i s  sens i t ive  to long t i m e  a t  t e m p e r a t u r e  and 

mus t  not r e m a i n  in  the thimble when not in u s e .  

g )  Reduce main  p r i m a r y  and auxi l ia ry  p r i m a r y  pumps  to minimum 

speed (100 and 450 r p m  re spec t ive ly ) .  
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f )  P l ace  the panel NN f lowmeter  s e l e c t o r  switch in the " r e a c t o r  dra in"  

position. P lace  the control  room f lowmete r  switch in the d ra in  

posi t ion.  

g) Check tha t  the r e a c t o r  t e m p e r a t u r e  i s  within 6 0 ° F  of the p r i m a r y  

f i l l - tank t empera tu re  . 
11) Sta r t  the r e a c t o r  f i l l -and-drain pump in the d r a i n  d i rec t ion  and s e t  

the voltage a t  50. 

i )  Open sodium drain-and-fi l l  valve V-112 and i n c r e a s e  the d ra in  pump 

voltage to 150. Check the sodium f lowmeter  on panel  NN to  s e e  tha t  

flow i s  es tabl i shed.  Continue to  d r a i n  sodium f rom the r e a c t o r  un- 

t i l  the d r a i n  pump l o s e s  suction; then reduce  the pump voltage t o  

z e r o  and s top  the pump. Close V-112. 

1) When the main  p r i m a r y  and the auxi l ia ry  p r i m a r y  pumps lose  

suction, s top  the pumps.  

2) If sodium flow in the d ra in  l ine i s  not es tabl i shed,  s top the  

d r a i n  pump and close valve 112. Vent p r i m a r y  fill-tank 

p r e s s u r e  to  0.5 psig by c rack ing  open V-497. (Close 497 

completely when 0.5 ps ig ' i s  at tained.)  Close valves 496 and 

137 and p r e s s u r i z e  t h e . r e a c t o r  to 4.0 ps ig  with helium so le -  

noid valve SV-400. This  should provide enough moving f o r c e  

to s t a r t  dra in- l ine  sodium flow. T h i s  s t ep  of the p rocedure  

should a l so  be followed when the r e a c t o r  i s  t o  be completely 

dra ined.  

j )  T o  comple te ly  d ra in  a l l  auxi l ia ry  p r i m a r y  piping, 

1 )  Close V-177. 

2) Admit helium to  the s y s t e m  through aux i l i a ry  -pump d i scha rge  - 
sodium-line - 176 f r eeze  t r a p  by opening helium PC-446, 

V-305A and B.  Energize h e a t e r  switch SS-1  t o  melt  the 

sodium in  the f r e e z e  t r a p .  Purge  unti l  the hel ium p r e s s u r e  

will immedia te ly  fa l l  off when V-305A i s  c losed .  
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A. PURGING 

Purging  of the sod ium s e r v i c e  s y s t e m  c o n s i s t s  of d isp lac ing  the  a t m o s p h e r e  

in the l i n e s  and v e s s e l s  to the vent  s y s t e m  with he l ium.  T h e  following p r o c e d u r e  

wi l l  be ini t iated upon approva l  of the Shift S u p e r v i s o r .  

1 .  Cold T r a p s  

In o r d e r  e f f ec t ive ly  to p u r g e  the cold t r a p  and i t s  in le t -out le t  l i nes ,  g a s  

i s  admi t t ed  a t  the c o l d - t r a p  f r e e z e  t r a p  and the  main  p r i m a r y  s y s t e m  a t  the  

r e a c t o r .  Th i s  gas  i s  vented through the  f lush a n d  d r a i n  t anks  to  the  p r i m a r y  f i l l  

tank and f r o m  t h e r e  t o  the  vent  s y s t e m .  Th i s  involves  i so la t ing  t h e  c o v e r  g a s  

a t m o s p h e r e  of the p r i m a r y  fill tank  and r e a c t o r .  

To purge  t h e  cold  t rap :  

a )  Isolate  t h e  p r i m a r y  f i l l  tank and r e a c t o r  by c los ing  V-496 and  V-137. 

b )  Check tha t  the  following sodium va lves  a r e  open: V-101, V- 103, 

V-616, V-609, V-610, V-618, and V-619. 

c )  Check tha t  the following sodium va lves  a r e  c losed:  V-634, V-635, 

V-617, and  V-620. 

d )  Open b y p a s s  valve V-295C, va lve  V-295,D, and va lve  V-296. Check 

that  va lve  V-561 to  the  vent s y s t e m  i s  c lo sed .  T h i s  i n t roduces  

he l ium to  the  cold t r a p .  

e )  In t roduce  hel ium to  the p r i m a r y  s y s t e m  by ene rg iz ing  SV-400. 

f )  Vent s y s t e m  to decay  tanks  by opening V-497C. 

g)  Check oxygen content  with Beckman  Oxygen Analyzer  a t  V-554B to 

ver i fy  t h a t  0 content  i s  below 0.25%. 2 

2 .  Hot T r a p  

In purging the  hot  t r a p s  i t  i s  poss ib le  to  admi t  he l ium through the  f r e e z e  

t r a p  on hot t r a p  A and vent through the f r e e z e  t r a p  on hot  t r a p  B,  o r  v ice  v e r s a .  

a a )  Check tha t  the following sodium va lves  a r e  c l o s e d ,  V-636, V-637, 

V-616, and  V-609. 
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V.  HELIUM SYSTEM 

P u r p o s e  of t he  he l i um s y s t e m  i s  t o  e s t a b l i s h  and m a i n t a i n  an i ne r t  g a s  

a t m o s p h e r e  f o r  a l l  piping, v e s s e l s ,  and equ ipmen t  conta in ing  s o d i u m .  Tab l e  

V-I  i s  a  l i s t  of p r e s s u r e  con t ro l  s t a t i ons  and t he  componen t s  they s e r v e .  

- Stat ion 

P C - 4 0 0  

P C  -402 

P C - 4 3 6  

P C -  442 

P C  - 415 

P C  - 446 

P r e s s u r e  
Ind i ca to r  

P I -  40 1 

P I - 4 0 3  

P I - 4 1 0  

P I - 4 1 3  

P I -414  
B P I M  465 

B P I M  465 

P I -420  

P I -422  

P I -  424 

P I - 4 2 6  

P I - 4 2 8  

P I - 4 2 9  
B P I M  468 

BPIhd 468 

P I - 4 3 5  

P I - 4 3 7  

P I -441  

PI- 444 

P I -  437 

T A B L E  V-I  

N o r m a l  
P r e s s u r e  

(psig)  

3 

3 .  

0-  1  

5-15 

3 

0 .5  

8-12 

8- 12 

3 

0 -  1  

5-15  

3 

0 .15 

10 

10 

0 -  1 

0 -  1 

10 

S e r v i c e  

F u e l - e l e m e n t - c a s k  s e r v i c e ,  a t  c a s k  
s e r v i c e  a r e a ;  m o d e r a t o r - c a s k  s e r v i c e .  

Cleaning  c e l l s ;  n e w  fue l  s t o r a g e  c e l l s ;  
s e r v i c e  connec t ion  in  fuel-  s t o r a g e - c e l l  
a r e a  

Main p r i m a r y  block v a l v e s  

Main p r i m a r y  double-wal l  p ipe s  

R e a c t o r  a t m o s p h e r e  

R e a c t o r  a t m o s p h e r e  

R e a c t o r  s h i m  rods  

R e a c t o r  s a f e ty  rods  

S e r v i c e  Connec t ion  a t  r e a c t o r  

Auxi l ia ry  p r i m a r y  block v a l v e s  

Auxi l ia ry  p r i m a r y  double-wal l  pipe 

P r i m a r y  f i l l - tank a t m o s p h e r e  

P r i m a r y  f i l l - t ank  a t m o s p h e r e  

P r i m a r y  cold t r a p ;  f l u sh -and -d ra in - t ank  
d r a i n  l ine ;  sod ium l ine  f r o m  p r i m a r y  
cold t r a p ;  sod ium f lush  l i ne  t o  p r i m a r y  
cold t r a p  

Main p r i m a r y  l i ne  a t  m a i n  i n t e r m e d i a t e  
hea t  exchange r  

Main p r i m a r y - s o d i u m  pump  cas ing  

Auxi l ia ry  p r i m a r y - s o d i u m  pump  cas ing  

Auxi l ia ry  p r i m a r y  l i ne  a t  aux i l i a ry  
i n t e r m e d i a t e  hea t  exchange r  
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Stat ion 

P C  -448 

P C  -452 

P C -  454 

P C - 4 5 7  

P C  - 459 

P C  - 462 

P C - 4 6 9  

P C - 4 7 3  

P C  - 475 

P C  - 489 

P C - 4 9 0  

P r e s s u r e  
I n d i c a t o r  

P I -  449 

P I - 1 5 3  

P I -  45 5 

P I - 4 5 8  

P I - 4 6 0  

P I - 4 6 3  

P I -  470 

P I - 4 7 4  

P I - 4 8 8  

P I -  49 5 

P I - 4 9 6  

TABLE V - I  (Cont inued)  

Norma! 
P r e s s u r e  
- (ps ig )  

3  

3 

0 -  1  

3  

0-  1 

3  

10 

0-  1  

3 0 

10 

S e r v i c e  

Sodium d r u m s ;  s o d i u m  t r a n s f e r  l ine  a t  
m e l t  s t a t i o n  

S e c o n d a r y - s o d i u m  f i l l - t a n k  a t m o s p h e r e  

Main  s e c o n d a r y - s o d i u m  p u m p  c a s i n g  

Main s e c o n d a r y  e x p a n s i o n - t a n k  
a t m o s p h e r e ;  m a i n  s e c o n d a r y  co ld  t r a p  

A u x i l i a r y  s e c o n d a r y  - s o d i u m  p u m p  c a s i n g  

A u x i l i a r y  s e c o n d a r y  e x p a n s i o n - t a n k  
a t m o s p h e r e ;  a u x i l i a r y  s e c o n d a r y  plug- 
g i n g - m e t e r  piping 

R e a c t o r  d r a i n  l ine  

C o r e - t a n k  c a v i t y  a t m o s p h e r e  

S o d i u m - s e r v i c e  t r a n s f e r  t a n k  

S e c o n d a r y  b lock  v a l v e s  ( a t  E d i s o n  plant)  

S t e a m  g e n e r a t o r  

A PURGING 

P u r g i n g  of t h e  h e l i u m  s y s t e m  m a y  be a c c o m p l i s h e d  a t  t h e  s a m e  t i m e  the  

h e a t - t r a n s f e r  c i r c u i t s  and  the  s o d i u m - s e r v i c e  s y s t e m  a r e  be ing  p u r g e d .  If 

p u r g i n g  of the  s o d i u n l  s y s t e m s  is a c c o m p l i s h e d  in m o r e  t h a n  one s t e p ,  the  

h e l i u m  h e a d e r s  should be purged  s e p a r a t e l y .  P u r g i n g  i s  a c c o m p l i s h e d  in  g e n e r a l  

by admittin:; h e l i u m  at high p o i n t s  i n  the  s y s t e m  and  v e n t i n g  f r o m  t h e  low p o i n t s .  

To p u r g e  e n t i r e  h e l i u m  s y s t e m ,  

Open a l l  s t a t i o n s  in one of t h e  two ma;.n b r a n c h  h e a d e r s  c o n s e c u t i v e l y  

f r o m  the  s t a r t  of the  h e a d e r .  

Open  t h e  l a s t  s t a t i o n  in t h e  h e a d e r  no t  be ing  p u r g e d .  

A d j ~ s t  f low t o  a p p r o x i m a t e l y  1 .5  s c f m  u s i n g  the P C  u p s t r e a m  block 

v a l v e .  

I.£ t h e  ind iv idua l  s t a t ion  h a s  m o r e  t h a n  one s e r v i c e  l ine  d o w n s t r e a m  

t h e  P C ,  opening of t h e  v a r i o u s  s p u r s  should  be a l t e r n a t e d ,  
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3)  P C  s t a t i o n  b y p a s s  v a l v e s  a r e  t o  b e  m a i n t a i n e d  c l o s e d  a t  a l l  t i m e s .  

E s c n p t i o n s  a r e  d u r i n g  t h e  p u r g i n g  o p e r a t i o n ,  a  p e r i u d  of m a i n t e n a n c e  

on the  P C  v a l v e  or  a s s e m b l y ,  o i  w h e n  c h e c k i n g  r e l i e f  v a l v e  o p e r a b i l i t y .  

4) C h a n g e s  i n  t h e  fo l lowing  s t a t i o n s  a r e  r e q u i r e d  u n d e r  t h e  fo l lowing  

o p e r a t i n g  c o n d i t i o n s :  

a )  P C - 4 1 7  and  P C - 4 1 8 .  ( R e a c t o r  A t m o s p h e r e )  P C - 4 1 8  i s  s e t  f o r  1 / 2  

p s i g ,  and i s  to  b e  u s e d  n o r m a l l y .  P C - 4 1 7  i s  s e t  f o r  3 p s i g  and  

i s  t o  be u s e d  o n l y  when t h e  r e a c t o r  a t m o s p h e r e  p r e s s l l r e  i s  t o  

b e  i n c r e a s e d  a b o v e  0 . 5  p s i g .  

Shou ld  t h e  p r e s s u r e  a l a r m  s o u n d  (5  p s i g )  a n  i m m e d i a t e  i n v e s t i -  
I 

g a t i o n  s h a l l  b e  i n i t i a t e d  t o  a s c e r t a i n  t h e  t r o u b l e .  C h e c k  the  

h e l i u m - s u p p l y  s y s t e m  f o r  o p e r a b i l i t y  and t h e  v e n t  r e l i e f  s y s t e m .  

C l o s e  t h e  h e l i u m - s u p p l y  b l o c k i n g  v a l v e s  (V-292A) (V-292-41) 

( V - 2 6 8 A )  ( V - 2 6 8 A I ) .  

P C - 4 1 8  shou ld  b e  a l w a y s  k e p t  in  s e r \ r i c e  to  g u a r d  a g a i n s t  a  

n e g a t i v e  p r e s s u r e  being e s t a b l i s h e d  in  t h e  r e a c t o r .  

b)  P C - 4 3 2  and P C - 4 3 3 .  ( P r i m a r y  F i l l  T a n k  A t m o s p h e r e )  P C - 4 3 3  

i s  s e t  f o r  1 / 2  p s i g  and i s  t o  b e  u s e d  n o r m a l l y .  P C - 4 3 2  i s  s e t  

f u r  3 p s i g  a n d  i s  t o  be  u s e d  only  w h e n  t h e  p r i m a r y  fi l l- tank 

a t m o s p h e r e  i s  t o  be  i n c r e a s e d  a b o v e  0 . 5  p s i g .  

Shou ld  the  p r e s s u r e  a l a r m  s o u n d  (5  p s i g ) ,  a n  i m m e d i a t e  i n v e s t i -  

g a t i o n  s h a l l  b e  i n i t i a t e d  t o  d e t e r m i n e  t h e  t r o u b l e .  C h e c k  t h e  

h e l i u m  s u p p l y  s y s t e m  and t h e  v e n t  r e l i e f  s y s t e m  f o r  o p e r a b i l i t y .  

C l o s e  the  h e l i u m  supply  b l o c k i n g  v a l v e s  V-26813, V-268A1, 

V -.29ZA, V  - 292AI .  

P C - 4 3 3  s h a l l  a l w a y s  be  kept i n  s e r v i c e  t o  g u a r d  a g a i n s t  a 

n e g a t i v e  p r e s s u r e  be ing  established in  t h e  p r i m a r y  f i l l  t a n k .  

C )  P C - 4 5 2 .  ( S e c o n d a r y  F i l l  T a n k )  When f i l l i n g  t h e  s e c o n d a r y  f i l l  

t a n k  wi th  s o d i u m  t h e  h e l i u m  s u p p l y  s h a l l  be  c u t  off by c l o s i n g  

t h e  b lock  v a l v e  d o w n s t r e a m  f r o m  P C - 4 5 2  ( V - 2 9 8 B )  a n d  t h e  

n o r m a l l y  c l u s e d  b lock  v a l v e  i n  the  v e n t  l i n e  (V-299)  is m a n u a l l y  
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VII.  VENT SYSTEM 

Operation of the  vent s y s t e m  cons i s t s  of routing a l l  radioact ive  g a s e s  t o  the 

decay t anks  by m e a n s  of c o m p r e s s o r s .  When sampling ind ica te s  tha t  the activity 

of speci f ic  vent g a s e s  i s  sufficiently low, the g a s e s  may be routed d i rec t ly  to the 

s t ack  by actuating solenoid va lves  in the s e v e r a l  vent -sys tem h e a d e r s .  

G a s  samples  taken f rom the decay tanks  de te rmine  uphether  the  gas can  be 

vented to  the s t a c k  and at  what f lowrate .  Upon author iza t ion  of the  Shift Super -  

v isor ,  radioactive g a s e s  a r e  then  vented to t h e  s t ack  a t  the r a t e  specif ied by 

Health Physics .  The  objective of the following p r o c e d u r e s  1s to  specify vent- 

sys t em valve pos i t ions  and to  designate s t eps  r equ i red  to s a m p l e  and dispose of 

radioactive g a s e s .  

A .  NORMAL OPERATION 

1. Radioactive Se rv ices  

a .  Reactor  and P r i m a r y  F i l l  -Tank Atmospheres  

1) Bypass  valves V-497 and V-55 1 shal l  be c losed  normal ly  except  

dur ing  purging of the r e a c t o r  and fill  tank a t m o s p h e r e s .  These  

va lves  may be opened t o  re l ieve  excess ive  r e a c t o r  and p r i m a r y  

f i l l - tank p r e s s u r e s  only with p e r m i s s i o n  of the Shift Supervisor .  

2 )  F r e e z e - t r a p  vent valve V - 5 2 3  will r e m a i n  c l o s e d  except during 

p r i m a r y  cold t r a p  venting opera t ion .  

3) T h e  sample  valve V-497-B immedia te ly  u p s t r e a m  of the rel ief  

valve a s s e m b l y  i s  no rma l ly  closed.  Samples  c a n  be taken here  

to  de te rmine  comple teness  of hel ium purges  on the core  and 

p r i m a r y  fill tank.  

b.  Helium Vent f rom F r e e z e  T r a p s  f o r  Piping Adjacent t o  the In ter -  
mediate Heat  Exchanger  

1 )  T h e s e  valves (V-140 and V-ZOO) a r e  no rma l ly  c losed .  

2 )  They a r e  only t o  be opened when l ines  a r e  being filled with 

sodium,  in accordance  with Section 11-B. 
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c .  Cleaning Cel ls  

The  t h r e e  fuel cleaning ce l l  block valves (V-676-1, V-678-2, and 

V-676-3) sha l l  be closed un les s  fuel  washing opera t ions  a r e  in 

p r o g r e s s .  

d .  Fue l  -Handling-Machine Service  Connections 

1) Vent s y s t e m  block valves (V-504-G1 and V-504-GZ) a r e  to r e -  

main  c losed  unless  these  s e r v i c e  connections a r e  in use .  

2) Valve-to-atmosphere (V-518) f r o m  the coff in-service  a r e a  sha l l  

be c losed  normal ly .  Use of th i s  valve r e q u i r e s  approval  of the  

Shift Supervisor .  

e .  Hot -Cell  . - Vent s e r v i c e  Connections 

Vent-serv ice  header-b lock valve V-520 sha l l  be c losed  unless  

heade r  i s  in use .  Use of th is  heade r  r e q u i r e s  p r i o r  approval  of 

the Shift Supervisor .  

Normally Nonradioactive Se rv ices  

Gases  f r o m  these  s e r v i c e s  will be routed t o  the suction tank except  under  

spec ia l  conditions where  a gas  sample  indica tes  l eve l s  low enough t o  be vented 

d i r ec t ly  to the s tack .  

a .  Operat ion of Divers ion  Station 

1) F i l t e r  s tat ion bypass valve V-507B i s  no rma l ly  c losed .  Th i s  

valve m a y  be opened in conjunction with valve V-507A f o r  specif ic  

purging ope ra t ions  o r  during f i l t e r  maintenance ,  with the approval  

of the Shift Supervisor.  

2) P r o p e r  opera t ion  of radiat ion ind ica to r s  will be checked monthly 

by Health Phys ic s .  Results  of th i s  check wil l  be forwarded to  

the SRE Group L e a d e r .  

b. Main and Auxil iary P r i m a r y  P u m p  Vents 

1) The  p r e s s u r e  cont ro l le r  bypass va lves  (V-5ZIC-hria1n and 

V-522C-Awil iary}  shal l  be no rma l ly  c losed  except  during 

purging. 
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4 L) The p r e s s u r e  c o n t r o l l e r s  sha l l  be s e t  to  vent  the pump cas ings  

a t  i 5  ps ig .  

3) Manual  venting is accompl i shed  a f t e r  c los ing  the hel ium inlet  

valve (V-319 main  o r  V-327 aux i l i a ry )  by opening t h e  p r e s s u r e  

c o n t r o l l e r  bypass  va lves  (V-521-C and V-522-C) and observ ing  

the ind ica ted  p r e s s u r e  on the  pump  being vented.  

c .  Insulat ion Cavi ty  Vent 

1 )  Blo'cking valve ' ( v -49  1 ~ )  sha l l  be n o r m a l l y  c lo sed .  

2 )  Sampl ing  valve immed ia t e ly  u p s t r e a m  of blocking valve sha l l  be 

n o r m a l l y  closed. .  

d .  C o r e  Tank Cavi ty  Vent 

Blocking valve (V-459A) sha l l  be n o r m a l l y  c losed .  

e .  Main and A w i l i a r v  P r i m a r v  Blockine v a l v e s  

1) Ven t - sys t em blocking va lves  (V-47 lA,  V-473A, V-453A, V-559A, 

V-46LA, and V-456) a r e  n o r m a l l y  c lo sed .  Always be s u r e  tha t  

t he se  va lves  a r e  c lo sed  a f t e r  they  have been  opened f o r  a  purg ing  
. - - -. . - . - 

ope ra t ion ,  to  keep sodium out of the vent s y s t e m .  

2) Sample  va lves  immedia te ly  u p s t r e a m  of the blocking valves s h a l l  

be n o r m a l l y  c losed .  

f .  Main and Auxi l ia ry  Double -Wall P i p e s  Vent 

1 )  Blocking valve (V-452A, V-46?A, and  V-467A) s h a l l  be c lo sed  

n o r m a l l y .  

2 )  Sample  va lves  immedia te ly  u p s t r e a m  of blocking va lves  sha l l  be 

c lo sed  no rma l ly .  

B .  SAMPLING AND DISPOSAL O F  GAS 

1. Sampling 

Vent s y s t e m  g a s  s a m p l e s  a r e  t o  be taken ,  using a n  evacua t ed  sample  

c h a m b e r  with a d a p t e r  t o  connect  to  the va r ious  s a m p l e  connect ions .  Samples  

wi l l  be taken ,  once a week,  f r o m  the following locat ions:  
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a )  C o r e  tank  cavi ty (V-459D) 

b)  Insulat ion cavity (V-491D) 

c )  Auxi l ia ry  double -upall p ipes  (V-452D) 

d)  Main double -wall p ipes  (V-467 and .V-469D) 

e )  Decay  t anks  

1 )  Decay  tank s a m p l e s  wil l  be t aken  a s  r e q u i r e d  t o  d e t e r m i n e  the  

g a s  decay r a t e s .  T h i s  in format ion  wil l  be u s e d  t o  give a  p r o -  

jec ted  act ivi ty leve l  and a da te  and  r a t e  f o r  r e l e a s e .  

2) A second s a m p l e  wil l  be taken  jus t  p r i o r  to r e l e a s e  t o  obta in  

the exac t  r e l e a s e  r a t e  and ac t iv i ty  l eve l .  

All ga s  s a m p l e s  will  be taken  by the Heal th  P h y s i c s  Unit, on r eques t  of 

. the Reac to r  Ope ra t ions  Unit. See Sect ion V-D f o r  s ampl ing  p r o c e d u r e .  

2. Disposa l  

As  each  decay  tank i s  f i l led t o  90 psig,  a n  a l a r m  will  be sounded in the  

con t ro l  r o o m .  The  inlet  valve t o  an  a l t e rna t e  decay  tank  will  t h e n  be opened, 

a n d  the in le t  to the d e c a y  tank with the high p r e s s u r e  wil l  be c lo sed .  

Heal th P h y s i c s  will  then  take  a  g a s  s ample  f r o m  the tank with the high 

p r e s s u r e  and wil l  not ify the Shift  Supe rv i so r  of the r e c o m m e n d e d  r a t e  and  da t e  

of r e l e a s e .  The r a t e  of r e l e a s e  i s  control led by V-537B, the  decay- tank  out let  

va lve .  G a s  flow i s  m e a s u r e d  on a  f l owmete r  l oca t ed  on the  d e c a y  tank  vault .  

A solenoid valve (SV-604) i s  s e t  to t r i p  and  s top  the venting, if the s t a c k  
- 7 mon i to r  ind ica tes  a  l e v e l  h igher  than  5 x 10 p c / c c .  

T h e  d isp lay  panel  in the con t ro l  room,  showing which tank  i s  being f i l led 

a n d  which i s  being vented,  sha l l  a lways  be kept up- to-da te .  
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b )  Vent the c o r e  tank cavi ty  t o  the  vent  s y s t e m  by opening vent 

va lve  (v-459) and  r e d u c e  the  p r e s s u r e  to 0 .2  psig.  Glose  

vent  valve ( V - 4 5 9 ) .  

c )  At 0.2 ps ig  t h e r e  should be  no  he l ium flow indica ted  a t  P C -  

473. If flow e x i s t s  r e s e t  P C - 4 7 3  f o r  no f low a t  0 .2  p s ig .  

' d )  By opening PC-473  bypass  va lve  (V-270C) i n c r e a s e  p r e s s u r e  

t o  4 . 5  ps ig .  RV-402 should b e  s e t  s o  that f low i s  just  s t a r t -  

ing  a t  4.5 p s ig .  

32)  P r i m a r y  -F i l l -Tank  Hel ium P r e s s u r e :  >4 ps ig  <O. 5 p s ig  

C o r r e c t i v e  Action to  Reduce  the  High P r e s s u r e  

Notify Shift S u p e r v i s o r .  

C l o s e  the  so lenoid  c o n t r o l  va lves  f o r  p r e s s u r e  con t ro l  s t a -  

t i ons  PC-432 and PC-417 by  p r e s s i n g  the  but tons on panel  HH. 

If the  p r i m a r y  -f i l l - tank-pressure continues t o  r i s e ,  t h e  p r i -  

m a r y  fill  tank r e l i e f  valve wi l l  open a t  5 p s ig .  At 5.25 ps ig ,  

the  p r imary - f i l l - t ank  r u p t u r e  d i s c  wil l  a l low the p r e s s u r e  t o  

b e  re l ieved  to  the  vent s y s t e m .  A s  the p r e s s u r e  d r o p s  below 

5 ps ig ,  the r e a c t o r  re l ie f  valve w i l l  c lo se  t o  p e r m i t  the r u p -  

t u r e  disc t o  be  r e p l a c e d .  

Open the so lenoid  valve f o r  h e l i u m - p r e s s u r e  cont ro l  s t a t i on  

PC-432  and  vent  the p r i m a r y  f i l l  t ank  to 3 p s i g  by opening 

t h e  rel ief-valve bypass  va lve  (V-497C) .  

With the p r i m a r y  f i l l  tank p r e s s u r e  a t  3  ps ig ,  o b s e r v e  the  

f low indica tor  on PC-432.  if f low i s  indicated,  the  s e t  point  

i s  above 3 ps ig  and  r e q u i r e s  r e s e t t i n g .  

i f  no f lou.  i s  indicated,  r e p e a t  s t e p s  c ) ,  and  d )  fo r  PC-417 

If both p r e s s u r e  con t ro l  s t a t i o n s . a n d  p r e s s u r e  gages  a r e  op -  

e r a t i n g  p r o p e r l y  and the p r i m a r y  f i l l  tank p r e s s u r e  aga in  

r i s e s  to 4  ps ig ,  a  s u r v e y  of t he  e n t i r e  he l ium supply f o r  the  

m a i n - h e a t - t r a n s f e r  s y s t e m  1s r e q u i r e d .  Check  a l l  b r anch  

l i n e s  fo r  a b n o r m a l  f low. C o r r e c t ,  if n e c e s s a r y .  



C o r r e c t i v e  Action to I n c r e a s e  the  L o u  P r e s s u r e  

a )  Notify Shift S u p e r v i s o r .  

b )  Check PC-417 a n d  PC-432.  F low should be indicated f o r  

p r i m a r y  f i l l . t ank  p r e s s u r e  l o w e r  than 0.5 psig.  Check  to be 

s u r e  tha t  the p r e s s u r e  gage i s  opera t ing  p r o p e r l y .  

c )  If p r e s s u r e  continues to  d rop ,  b r ing  the p r e s s u r e  back up to  

0 . 5  p s i g  by opening PC-432  bypass  valve V-292C. 

d)  If no flow is  indicated a t  P C - 4 1 7  and  PC-432  fo r  a  p r e s s u r e  

l e s s  than .05  psig, the c o n t r o l l e r s  m u s t  be r e s e t .  

e )  If PC-432  and PC-417  a r e  ope ra t ing  p rope r ly ,  a  leak  i s  i n -  

d ica ted .  A  s u r v e y  of vent and  he l ium c o r r e c t i o n s  m u s t  b e  

made  to d e t e r m i n e  leakage  point .  

33) R e a c t o r ' H e l i u m  P r e s s u r e :  >4 ps ig  <0.5 psig 

C o r r e c t i v e  Action to Reduce  the  High  P r e s s u r e  

June  27, 1960  

Notify Shift Supe rv i so r .  

Close  t he  solenoid con t ro l  va lves  f o r  p r e s s u r e  con t ro l  s t a t i ons  

PC-432 and  PC-417 by p r e s s i n g  the but tons on panel  HH. 

If the r e a c t o r  p r e s s u r e  con t inues  to  r i s e ,  the r e a c t o r  re l ie f  

valve wil l  open a t  5  ps ig ,  a n d  t h e  r e a c t o r  rup tu re  d i s c  wil l  

allow the  p r e s s u r e  to  be  r e l i e v e d  to  the vent s y s t e m .  As the  

p r e s s u r e  d rops  below 5  ps ig ,  the  r e a c t o r  rel ief  valve will  

c lo se  t o  p e r m i t  the r u p t u r e  d i s c  t o  be r ep l aced .  

Open the  solenoid valve fo r  he l ium p r e s s u r e  con t ro l  s ta t ion  

PC-432 and  vent the r e a c t o r  c o r e  tank t o  3  psig by opening 

the rel ief  valve bypass  va lve  V-551. 

If no flow is indicated,  r e p e a t  s t eps  c )  a n d  d )  f o r  PC-432.  

Ef both p r e s s u r e  cont ro l  s t a t i o n s  and g a g e s  a r e  opera t ing  

p rope r ly  and the  r e a c t o r  p r e s s u r e  aga in  r i s e s  t o  4 psig,  a  

su rvey  of the e n t i r e  he l ium supply  for  the  m a i n  h e a t - t r a n s f e r  

s y s t e m  1s r equ i r ed .  Check  a l l  b r anch  l i ne s  fo r  a b n o r m a l  

f low. C o r r e c t ,  i f  n e c e s s a r y .  
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Enci. (1) to AI ltr. 
58AT 3631 dtd. 5/22/58 

Description of SRE Cover Gas Sy~tem 

Helium System 

The purpose of #a helium system ia to establish and maintain an inert gas 
atmosphere for all piplng, vessels, and equipment containing sodium. 

The system consiste of two supply manifolds of forty helium bottles each. 
Normal operating procedure8 shall have one manifold in sAmdby or  in the 
process of being relosded with fresh bottles at all times. A n  alarm will 
sound in 'he control room when the pressure in the on-line manifold drops 
below 125 psig. Manual valving will then be required to put the other m a d -  
fold on "he Line. 

The gas passes from the manifold and is reduced from 2300 peig to 50 psig 
at pressure reducing etation. A purification syetem conaieeing of NaK bub- 
blars is then provided to remove oxygen from the gas before it i a  routed to 
the above services. Sach service connection haa its individual presmre  
control stadon which is made up of an adjuetable pressure control valve, 
blocking -ralves, bypasa valve, and preesure relief valvea. 

A preeeure relief valve is located on the low preesurci side of the preesure 
reducing vdve aeaembly. The relief valve has sufficient capacity to remove 
t he  amount of gaa that can be pasaed by the preesure reducer i f  it fails wide 
open, and at the erame time not permit a pr eosure build-up in the line of more 
than 1 1070 of the maximum working pressure of the veaeel i t  i a  supplying, 
The exhauat from the relief valve on syatems which may be contaminated by 
rac?ioactiere vapors is connected to t h e  vent system. Relief vaLves in the 83- 

condary heat exchsnge systems and others where the ga8 will not normally 
become contaminated with radioactive vapor exhaust to the atmosphere, 

Each control stcz'ilon has a pressure indicator and a flow meter. Where the 
relief valve exhauets to the vent system, the £low meter i s  located between 
the preesure control vaive and the relief valve, In thie manner the relief 
valve c a  be checked to see i f  i t  is open by noting the flow rate. Relief 
valves exhausting 'io the atmosphere a r e  accessible and can be checked wifh- 
out t h e  use of a flow meter. 

Nitrogen System 

The purpoee of the nitrogen eystcrn is to establish and maintain an aLios -  
pherc of nitrogen gas in the following arsas: 

Main primary system gallery 
Auxiliary pririary nyeeem gallery 
Pri-mary fill tank vault 
Di~posnble cold trap vault 
Ensula'ifon cavity 

The system conoiste of two supply m&iolds of ten nitrogen botrles each. 
Nozmal operating procedure shall have one m d o l d  in standby or in *e 
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procea e of being reloaded with fresh bottlee at all times. An alarm will 
sound in  ths control room when the preesure of the on-line manifold is low 
and manual, valving in of the standby rnanifold is required. A connection is 
provided for a nitrogen trailer if large quantities of the gas are required 
for purging operations. 

The gas passes from the manifold and i o  seduced from 2300 psig to  50 peig 
at a pr e s Bur e reduction station. It is then fed fo the above mentioned point8 
from a low pressure surge tank, Individual pressure control stations fur- 
ther reduce the nitrogen pressure prior to entrance into the enclosure served. 
Each station has an adjustable pressure reducing valve, blocking valve, a 
bypass valve and a relief valve on the low pressure side. 

A breathing eection of the system t i e s  the galleries and vaults to 2 eingla 
presoure C O E ~ ~ O ~  valve, Zn normal operation the spaces a r e  in communica- 
tion with ezch other. Tbe insulation cavity i s  not included in the breathing 
eection as it is connected to the vent system. Each space can be isolated 
from the breathing section by meana of a plug valve in the branch connection 
to '&e apace. There a r e  two radioactive duet filtere. One filter aervea the 
galleries and 'he other filter eervea the vaults. The filters have blocking 
valves and a bypass valve. A gas sample connection is located in the ex- 
haust comection between the space o r  tank and the plug valve. 

Normal Bow through the eystem is a m d l  and ie a result of leakage and 
breathing. The gaa releaoed during breathing is monitored by a radiation 
indicator and routed to pas storage or  the atmosphere, a8 determined by 
i t s  activation level. 

A liquid nitrogen storage tank has been installed to replace the nitrogen 
cylinder manifold mentioned above. This ineeallation has not been opera- 
tionally accepted as of thie date. It will not change the operation of the 
nitrogen system; it i s  intended to give a more adequate nitrogen supply. 

Vent Syatem 

The vent syatem, by a syetem of headers, collecte all  process gases con- 
taining o r  possi'~1y containing radioactivity. Theee gao sources are: 

A. Normally Containing Radioactivity 

1. Reactor and primary f i l l  tank helium blanket atmospheree 
2.  Primary circuit8 a d  dieposable cold trap vents 
3. Cleaning cell vents 
4. Fuel handling coffin aarvice connectione 
5 ,  Radioactive liquid waste accumulation and hold-up tanks 
6 ,  Hot cell radioactive gae service connections 
7 ,  Hot t rap  vents 

B. Normally Nan- radioactive 

1. Primary circuit. pumpa (2) 
2. Reector drain h e  freeze trap vent 
3. Helium supply system relief valves to the following service% 
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a. Main and auxiliary primary block valves (2) 
b, Main and auxiliary primary double wall pipes (2) 
c. Control rods 
d. Safety rods 
e. Disposable cold trap syetem 
f. Main and auxiliary primary piping and equipment (2) 
g. Core tank cavity 

4. Niirogen supply system relief vdvee t o  the following services: 

a. Main and auxiliary primary syateme galleries (2) 
b. Pr imary fill tank vault 
c. Diapoeable cold trap vault 
d. heulation cavity 

5. Nitrogen syetem gallery atmosphere diecharge 
6. Insulation cavity vent (normally closed) 
7, Core tank cavity vent (normally closed) 
8. Main  and auxiliary primary block valves (4) (normally closed) 
9. Main and auxiliary double wall pipee (2) (normally closed) 

10. New fuel storage cells 

The g a s e s  from the services listed in section A above go directly to the com- 
pressor auction tank located north of the reactor building in a ehielded pit. 
Caaee from services B above are monitored for radioactivity in the main 
headers and, according to the activity, a r e  passes to the compressor suction 
tank or bypassed through a filter to the atmosphere. 

The compressor auction tanlc is maintained slightly below atmospheric pres- 
sure at all times, thus minimizing the igtraflow of gas between service 
headers by assuring flow f ~ o m  higher pressure eervice outlete directly to 
the compreesors. Two compressors in parallel draw from the auction 
tank; compress the gases to 114 psia and exhaust to one of four 350 cubic 
foot decay tanks. Here the gases may be sampled and exhausted upon 
sufficient clesay. Exhaust rate i s  controlled by a pressure reducing valve 
and an associated hand operated globe valve. Exhaust gases pas8 through 
a CWS filter and are  diluted by the hot cell ventilation exhaust stream. 
Should additional dilution be necessary, duct work and aserociated damper 
systems are installed to allow the use of a 25,000 c h  dilution fan. 
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heaters  = 2  i s c t d ; = d  on the outer  peripheqr  o £  the tank. These hea te r s  

are series-parallel comecied a a d  are cont ro l led  by a Wheelco tempera- 

t u r e  con t ro l l e r  losa ted  in the  sodium se rv i ce  building. AdtiLtiand 

heat i s  available through t h e  use of three immersion hea ters  l oca t ed  

i n  thimbles ia t he  tank, To 2rovi.de for  hea t  t r ans fe r ,  the thimbles 

a r e  sealed a t  t he  top and filled with NaK. The immersion hea t e r s  are 

control led manually from a breaker i n  the sodium se rv i ce  building. 

Thermocouples ai-e welded to  t h e  tank La s t r a t e g i c  l oca t ions  and are read 

out  on the  Wheelco c o n t r o l l s r o  Bluminua jacketed, super-X, block 

insula t ion  i s  insza l l ed  over t h e  heaters  and the-mocouplee. Sodium l e v e l  

and a l a r m  c o i l s  are i n s t a l l e d  i n  thimblae i n  the tank to  provide a meaas 

of measuring t h e  tank sodium l eve l .  

Biological  ~ h i e l d i s l g  in the form of a dense concrete vau l t  is 

supgEed for tho radioac t ive  primary sodium. The vaul t  i s  s i t u a t e d  

north of t h e  high bay and eztende above ground about 6-ft. Elevat ion 

of the  f i l l  and drain tank is such that  t h e  reac tor  can be gravity - 
f i l l e d  to  t h e  top  of t he  moderator cans, but  requi res  a pump fo r  f u r t h e r  

f i l l i n g  o r  f o r  draining, Thus, inadver tent ly  opening the r eac to r  dr& 

salve  cannot dra in  the sodium from the a c t i v e  core. 

F i l l  and drain l i n e  ll.2 starts in t he  r eac to r  a t  the  bottom of 

the core tank and proceeds up through the  r e f l e c t o r  region on the  no r th  

s i d e  of t he  core out through t h e  core ear h t o  the  m a  gal lery.  The 

l i n e  then continuee in to  t h e  reac tor  drain p a p  p i t  (where Vll2 ie 

loca ted) ,  and terminates at t he  electromagnetic (ti#) drain pump. In 

the  drain pump pit, a n o m e t e r  i s  at tached t o  l i n e  112 on the  r eac to r  

side of the  QI pump. Line ll3 e t a r t s  a t  t h o  EX pump and c a n t h u e s  i n t o  

t h e  primary f i l l  tank vaul t  where valve 113 i a  located.  Here the  U e  

is connected to t h e  till ta;lk and extends t o  about 2-in. from the  bottom, 

The W pump can be stopped, s t a r t e d ,  and cont ro l led  e i t h e r  from panel K 

i n  the cont ro l  room o r  panel B Frr, the sodium se rv i ce  building, Lfne 
d 

U2-113 and associated valves and pumps are normally frozen o f f  a f t e r  

draining t h e  reac tor .  It is f ~ r  this reason tha t  an addi t ional  f i l l  

Une (155 a d  156) is provided. This U n o  starts on the  muth  end of 

the  f i l l  t ank  3/4-in. from t h e  bottopl and proceeds t o  an M pump uhero 

l i n e  155 etarts and continuee i n t o  the  main ga l l e ry  where i t  terminates 

at l i n e  103. Vdve 156 i s  loca ted  i n  the prinary f i l l  tank vaul t  and 

the  flowmeter is  at tached t o  l i n e  1.55 i n  t h e  drain pump p i t ,  b E?4 
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p.uq i n s t d l e d  iz; l i n e  155 faci?itatss &&?ling the main system pip ing 

thr-ough these l i n e s .  Line 155 is connected to i ine  3.3.2 i n  the  & d n  

pump vault by l i n e  and 761ve 157. For nornal conditions, valve 155 
remaina closed, and the valve ac tua tor  16 covered and locked t o  prevent 

an accidental 0ge-g 04 the VaLve. Valve 156, however, is kept in an 

open posi t ion t o  provide f o r  expansion of t h e  aodium remaining is the  

l i n e  , 
Through the  use of the  gas b a l l a s t  l i n e ,  137, which connects 

the reactor  cover gas region in the  primary fill t&, t he  e f f ec t ive  

expansion oolnme of the  reac tor  ia grea t ly  increased. Thie provides 

ern improved sa fe ty  fac tor  in  the  event of an abnomal preesure exour- 

eion, I n  addit ion,  conservation of the  helium cover gas is  m e w e d  

during filling and drsining operat ions aa t he  gae is displaced by the  

sodium through l i n e  137 and i n t o  the o t h e r  reeeel .  So t h a t  a differen- 

tial pressure m a y  be establiabed between the two veeaels  fo r  specia l  

t e s t s  o r  fo r  priming the  drain ptmp, va lve  137 i~ i n s t a l l e d  in the  

U e ,  3'hie valve i s  located i n  the  r eac to r  dra in  pump pit. h e  137 
i e  equipped with heaters ,  thennocouplea, and Insula t ion  i n  t h e  event 

s o d i m  vapor is ca r r i ed  over. Connected t o  l i a e  137 through a sodium 

vtipor t r ap  is  l i n e  496, a carbon a t e e l  vent l ine  vhose primary purpose 

i e  t o  connect e i t h e r  vessel  t o  the v a t  8pt-. Valoa 496 ie i n e t a l l e d  

i n  the  l i n e  and servee the same purpose ae rdrs 137. This valve is 

normadly cloeed and individual  vent va lves  and rupture disc8 a r e  pro- 

vided f o r  each veasel ;  however, should t h e  need ariere, valve 496 say 

be opened and both veseele can be vented from one o r  the o ther  vent 

e ta t ions .  U e o  connected to  l i n e  137 ie the condensate tpnk provided 

t o  col lec t  condensed sodium vapor from t h e  r eac to r  pool and pr- 

p u p s .  .The tank is insulated and is  provided with Uheelco control led 

heatere, a aodium l e v e l  probe (readout on panel GG), and a drain l i n e .  

Dr& l i n e  133 connects t o  the  - reac tor  f i l l  and dra in  I l n e  U.3 a t  the  

EN pump, and is  used t o  t r ans fe r  sodium from the  condensate tank tlo the  

primary fill tank as the need ar iees.  

The primary eodium pur i f i ca t ion  ayetem is located i n  the  sodium 

service  vault and ie corzneated t o  the  m a i n  heat t r ans fe r  loop by lines 

516, 617 and  633 (Figuree 3-21 and 3-25]. Line 616 o r i d n a t e s  a t  t he  



hea2er in which the  leak occurs, but i n  chsckix~g the sect ion8 no b i g  

leak is ?:so< :dad when the  main header is put back i n  aervice the leak 

rate i s  down due t o  pressure stabil izatiaa,  

From t h e  above, i t  can be seen that one of the first steps  ia 

checking t h e  system for l eaks  is to be certain that the header 

pressure ie not ahanging and that i t  i s  the same as the reference 

preasiire. 

Areas such as the pipe gal ler ies ,  insulat ion cavity, and vaults 

serve a6 secondary oontajmment verraels for the primary sodium syetsrn, 

In8af%.-5 ,#3  these areaa are usually closed t o  traffic, sealed, and 

have axtrenclg high radiation fields, a s o d i m  e p i l l  cannot be handled 

in the normnl manner. To prevent a fire resrrlting irom a sodium 

spillp the o u g e n  content  of the atmosphere in t h e  containment areas 

ia maintdned a t  less than one percent through the  use o f  an i n e r t  

gaa, Because helium is more than 3 times as cos t ly  as nitrogen and 

t h e  gas does not come in to  contact w i t h  the sodium in the c irculat ing  

loops, nitrogen gas ia used t o  es tabl i sh  an6 maintain the  inert atmoe- 

phere in these aroae. 

1, System Dcscrlption 

Nitrogen can be aupplied t o  the system from three aourC6s: 

cylinder, t r a i l e r ,  or i n  t h e  liquid s t a t e  {Figare 5-31. Nomal ly ,  

l i q u i d  nitrogen is used b e c ~ u s e  o? t h e  ease of h a d l i n g  and the c o s t ,  

Starting from t h e  liquid nitrogen tark, t h e  flo* of l i q u i d  

ints the sys"bm is coatrollsd by e General Controls presmre control- 

ler and an Annin valve, As t h e  aysrem pressure fa116 to t h e  lower 

iizit, fhe contro l ler  sendr a sig;al t o  an ~ i r  piston that cpe l s  zhe 

val;?e, Liquid 'inen flo!ts t h r o ~ g h  r:?e r d v e  and into an evn:orator 

sectlo&, This sestion c o n s i z r s  of ::so Sinned. U - t ~ b e s  series cosntet.e& 

Here, the lipui~ ab~orbs  heaz from t h c  surrounding ci2 ~ n d  ~~~~~~~atee 
i n t ~  p i s 0  The gas ther.  pZ86P6 VLrougt? another p r e s e u r e  r e m l a t o r  and 

on tc t,he gas h e a t ~ r ,  Sstoecr! f l : ~  e a a ~ ~ o r a t o r  & n u t h e  ZaE p r C 6 S U S ~  

r e g u l a i o r  is a conn2c;ion f-om t h -  i o ?  cf che l i ~ u i d  's@k Any gas 

gentraied c i . t b i x  t-he tsLk 5.s re l i c roc j  t f i rouch this l b c ,  d.8o 

c o m e c t e d  t o  the v ~ n t  line ir nn azrnoepbe~i .~  v e n t  v e l ~ e  t h s t  is use5 



-l 
when i ' i l f ing the  tank. E l e c t r i c a l  hea t e r s  i n  t h e  ga6 heater &re usad 

t n  e.i;-,aratc! any l i q u i d  t h a t  is carried over from the evaporator  

sec?.lon, T h i s  can happen if t h e  outside a i r  temperature i s  low or  i f  

an , exces s ive  system ~ e e - r a t e  occurs. From t h e  gas  heater, t h e  n i t r o -  

gen passes  through the liquid ni t rogen  syetern s t o p  valve, V-389 and on b 

the  low pressure s t o r a g e  tanko 

A standby eourcs o f  supply  consist^ of a high pressure  rack 

and header t o  which 20 gas cylinders a r e  a t t ached ,  and  a haas  conaec- 

t i o n  f o r  a ni t rogen t r a i l e r o  Lesdng  the  cy l indere ,  t h e  gae e n t e r s  a 

high pressure header and passe6 on t o  one of two p r e s s u r e  regUlator6. 

Valves a r e  provided so that e i t h e r  r egu la to r  can be used f o r  each bank 

of t e n  cglindsra. From the  regula tor ,  t he  gas passes through the 

"cylinder s t a t i o n n  a t o p  valve, V-35bB1 o r  V-351-Ei2,and on through the 

low pressure s to rage  t ank  i n l e t  valve, V-351, and i n t o  t h e  tank. 

Between the  r e g u l s t o r  and t h e  s top  va lve  ia the connect ion f o r  t h e  

t r a i l e r ,  A connection f o r  a purge supply t o  t h e  wash c e l l  area is 

0 nlao located here, 

Beccuse ~f its volume (35 standard cu. f t , ) ,  the law gressurs 

s to rage  tank tends t o  damp out any pressure su rge  caused by varying 

spaten une-rate, Betmeen t h e  LP s to rage  tank and t h e  main s y s t e ~  s t o p  

valve, V-35% is the connect ion f o r  t h e  kerosene system surga tZU3.k covel 

gas, k service connection a t  t h e  surge tank c o n t r o l s  gna flow t o  

maintain a ccnszant tLWee psig pressure w i t h i n  t h e  tank. 

To addit ion t o  t h e  kerosene tank, s ix  o t h e r  s e r v i c e  connec:- 

t i o n s  mke  up t h e  c i t r o g e n  system: i n s u l a t i o n  cavitg, naic. ga l l e ry ,  

s o d i m  servic.e v a u l t ,  primarr fill tank uault, alixiliarg g a l l e r y ,  and 

an i a c r t  acnospkers su2ply t o  the oAcgen gmalgzer on t-he H% panel f o r  

zero chcckinz cf tire ins t rument ,  Each service  connsctLon c o n s i e t s  of 

an  iclet ralue.,  flow meter, pressure c o n t r o l l e r ,  outlet- n l v e ,  b ~ p a s s  

ve lve ,  relief valver and presscre gauge, All valve handles and meter8 

a r e  pnintec? green f o r  sys t en  ccZor coding,  For ehse of miintenancc ,  

p ip?  unions a re  i z s t d l s d  around t h e  pressure c o n t r c l l e r , .  azd  tbe by- 

i. x h i l e  r t c  rontrc l ler  Ls :effiove&. 
i 

A Gressure of 20 psig is  normally maintaineh v:lih% tbe i o s  

presscre !'ease:, end the i n d i v f  bua3. pressure conkrc l lera  -re s e t  
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'7 /' to p r o v i d e  su f f i c i en t  c i t r o g e n  t o  maintain a s l i g h t  p o s i t i v e  jressure 

ia t h e  vaults and gallerfea and e pressure of t h r e e  psig in the  insu- 

l a t i o n  cav i ty ,  

As t h e  vaults are llof oompleiely metal l i n e d ,  moisture can enter 

these,spaces through the concrate. A convection loop I s  then setab-  

l i s h e d  with  the water being evaporated by the  best, the r a t e r  vapor 

rising and then being condensed by tine vault coo l ing  c o i l s  t o  start 

over again, Not only is t h e  r e s u l t i n g  mat problem not  des i r ab le ,  but 

should a sodium s p i l l  occur, the anmimg sodiu~sawater reaction could 

cause equipment damagec For this reason t h e  dehumidif ioat ion sys-lern 

was i n s t a l l e d ,  Baeica l ly ,  this system c i r c u l a t e s  t h e  v a u l t q s  humid 

atmosphere a c r o s s  ex t e rna l  cool ing  c o i l s  where the  mai~ture  is removedo 

Dry ni t rogen is then re turned  the vaul to  

Presently, the aodium service vault, t h e  d r a i n  pump vaul t ,  and 

the primary fill tank v a u l t s  are serviced by this s~stem w i t h  each 

area having ind lo idud  auction and return lines connected t o  common 

headersQ 

In  each of t he  4 lhe s  (two m c t i o n  and two return) is P 

Keystone t h ro t t l i ng -bu t t e r f ly  valve. Theee va lves  have pneum~tic 

p o s i t i o n s r s  and can be positioned t o  tmg degree of opaning desired. 

This i r  required t o  maintain tbe t w o  areas under a belanced p o s i t i v e  

pressure, Vault presswe  is recorded bg vacuum-presaurs  recorder^, 

P o s i t i o n  con t ro l  p 6 h b u t t o n s  for the ralves and the  pressxrt seoordera 

are installed in the  JJ' and GG panela h the control room, 

L redizsion a e t e c t o r  is m s t a l i e d  between thz  t x o  scction 

1Lnes in the eecondsrg area t o  indicate r e d i e t i o n  l e v e l s  of the gs60 

If f h e  sac2ation l e v e l  either of t h e  t ~ o  lines excoe68 the s c k p i ~ * . ,  

the alarm K i l i  ~ound ir the corrroL morn an5 l o c a l l y  at t-he d b t e ~ t o r ~  

No Gther automatic action takes place, The BP sbould bf n o t i f i e d  an8 

e survey made to d e t c m i n e  t h e  m ~ - , i r a d e  of the rodla-i icn t c i  aid ahe 
1 

.-/ 6 h l f t  szpcrv i scr  5~ mb~.equer-t a c t  i o ~ : ~  

Ni t rogen  i~ drawn t h r o u g k  t h e  incividcal sucrlon i l n c e  k t C  s 

E0n;Ron suczion h e s d e r  by t h e  3-5 fan (P5 gure s 2 ) .  F ? G ~  the 6 U C t i 0 5  



b c a t e d  in the s a l v e  p i t  south o f  the conrpre&mor vault .  The s l o p  of 

the header is such t h a t  an7 Liquid collacted in the auction tank, 

drained from the compressor interstage coolers, or carried over from 

the wash cells, will drain br gravity into t h e  rndioactivs l fqu id  

waste amp tank. 

Two horieontal, recipro;ating, vent compressors e r e  provided, 

each y i t h  euf f i c i sn t  capacity t o  independently handle the no-ma1 system 

load, T h i s  &llowa one unit to bz ahnt  DUE for  maintelmncc vhcn 

required without impairing the systen oper6tSng efficiency, Vent gases 

from the suction tank a n  pulled into the comp=.essor m d  can be set  s o  that  

either compressor9 or bothtare connected t o  the suctioa l i n e .  ']en-; 

p e e 8  within the compressor are colaprassed to 110 pig and discharged 

through linea 511 and X 2  f o r  compressors A and 3 reepectivsly.  

Diecharge valves V5ll and V512 are provided to complete the i so la t ion  

of sither compressor when requirsd.  Line 511 is joined by line 512 and 

proteede to the decay tank group selector valve (513~) . Thia valve is 

a three rcy valve ond is used to select either tanks A and B o r  tanka 

C and Do and through the  o o n s t n r ~ t i o n  of the ~ ~ a l v s  when one group i s  

eelected, the other i s  isolated.  Laaving salve 513& the compressed 

gas followe the eclected path to another three way  valve (V498K for  

tanks k and B and Ir514K for tanks C and I)), This valre is used t o  

select t h e  indiriduai tank to he filled, an6 again through the construe- 

tloa of the  valve when one ta& io selocfed, the other i s  I s o l a t e d ,  

The compressor suction and discharge valvea and the decay tank t h r e t  

ws: valves are all plug t y ~ e  and require o pe,*lodio applicertion of  

grease to remafn leak tight and saaled.  Transn;itl;hg pressure swi tches  

on each decay t a d  sane signals to a pressure r a a d o ~ f -  oo control room 

_panel R. .Pleseure sritchee on each tank nrt  sot to sound an alarm when 

t b e  sressure w i t h i n  the tank exoeeds 90 ?sign ~t this tine soother 

tank is se l . e c t ed  f o r  f i l l i n g  and the first tank 5 . ~ 3  rezdy to ba s m p l e d  

for radioactivit~ and venred t o  the atnosphere i f  condiiione psrmlz-  

As a safety backup, a hi@ p e a s u r e  m i t o h  15  connected t o  each cornpras- 

eor discharge line and w i l l  t r i p  out the compreseor i f  the preeacre 

excoeds 110 gsig thus protacting t h e  systemo 

Ead:oactia-it,r of the vent gaece is d e k e d n e d  by drawing Q 

sample  f'ron tha i n d f v ~ d l i a l  decay tank and counting It, The results ere 



=cd;;;s the  a b s s h t e  yrcs&xra t o  25 Lo Bg (5 ia .  vacaur~), A t  th is  

t i n e  a bypass solenoid velve between the compreraor suction and dis- 

charge lines i s  opened, and the  cornpresaor rill cyc le  f o r  one d n u t e ,  

If the  suction tank Dressuse has  not  increased a t  t b a  end of the one 

m b u t o  cycling p e r i o d ,  the ccmpressor %e stopped and the  olen no id 

valve cloeed; however, i f  the  tank pressure has intreaasd, the  Bole- 

n053,oalve cloaes  and the  compressor again start8 t o  pump on the ~ g s t e m . ,  

m e r a t i o n  of the  he lper  compressor i s  only-requi red  rrhan the system 

load is such that the l o a d i n g  compreseor cannot keep up, In this case,  

when the  suct ion  t& absolu te  preemre r h e a  t o  29 in ,  Bg (1 in .  

vocuum), the helper  comprefssor starts and continae~ t o  pump on t h e  

system u n t i l  t h e  absolute preseure i n  the  tank is reduced to  25 is, Rg 
( 5  in ,  vacuum). A t  t h i s  time both coEpresaors cycle for one minute; ths 

he lpe r  com?ressor then  tops and the l e a d  compreasor e i t h e r  stops a r  

con t inuse  t o  operate depending upon the system loa&., 

For abnormnl conditions, e i t h e r  compressor can be i s o l t t e d  by 

r.1 c l o s i n g  its suct ion and discharge valves and s e t t i n g  the ~ o & t T ~ l  switch 
L, 

t3 t he  Itofin positiono Addit ionally,  either o r  both cornpreaaonr csn be  

operated manually by manipulating t h e  Noff-on-autolt contaol  switcho 

Vent system leaks a r e  detected by t h e  rate of decay tank 

Zillin~ and by vent compressor operat ing time, When a system is&. 

occura, a l a r g e r  vollrme of gas must bt pumped by the compreasor; t h e r e -  

fore, the compressor opera t ing  t i m e  i s  hcreased, and t h e  2700 Etandard 

cubfc feet. dcccy tanks a.re f i l lec i  more rapidly.  Ae t h e  vent  water& is 

q u i t e  conpiex 3 6  lengthy, with much of it underground and inaccessible, 

s system for l o c a t i n g  lealrs is required, The "rat step f o r  vent a p t e n  

Ical: detect ion  i s  t o  de",rml.int the l o g i c a l  sources of leakage; t h e  most 

p c v r l e n t  soprcez are: (I) inert p e  pressure con t ro l  station pressarc 

G e t  higher than the relief valve  setting causing t h e  valve fo liftc 

( 2 )  ~ e l i e f  v a l v e  seats l eaking ,  (5 )  w a n t  c a l l s  or SUE;? prunp tank seals 

a l l o ~ i n g  air to enter t h e  egsten, and 14) d r  leakage through f i t t i n g e  

cr r " q t u r e d  p lp ing ,  As header 492 s c r r i c e ~  the p r e s m z e  control  

s t & t i o n s ,  c lo s ing  valve 4 5 2 ~  and obscrvlne; t h e  decay Lcnk f i l l i n g  rats 

will d e t e r n i n e  if t h e  7.ezk is c l u s s  (1) o r  ( 2 ) -  If thc 3 i l l n g  rate 

r e m a h a  unchsnged, header  L*92 can be considered leak z2r;i.l; and valve 

4921: is opens2 and t h e  s e a r c h  :otitinued, Fender 506 is ~ s o l a t e d  by 



Cf!&s+.a.c Y: ;esr;c,n Z G  
;age 5 ~f 6 
t h r s h  L ,  1265 

?n the caae of l ow  l e v e l ,  a viaual  check w i l l  e i ther  ver i fy  or rcjeck 

this came. If the straker basket should hecome plugged, cbmg!! over 

t o  the standb; strainer and remove and c l e m  the plugged basket ,  After 

the basket is cleaned and reinstalled. be sure t o  cheek it for tightness 

by mamentnrily placing i t  in service, and then v i s u a l l y  checking fa: leakm, 

T i 6  will insure against a leaking standby strainer vhen yol; next neea 

one. 

J . RAGICACTIVE L I ~ F I I )  WASTE SPSTM 

Providing the seme function far l iqu ids  as does the radioactive 

vent system Tor gases, the l i q u i d  waste system c o l l e c t s  all radio- 

active (potential or ac t ive )  l iqu ids  and s t o r e s  them i n  a tank for 

rzonifsring and disposal, This portion of the manual w i l l  be devoted 

t o  a dzscr ipt ion  and operation of the system, 

1. System D e s c r i ~ t i o n  



16. l w e r  nnd eodium n o r  rill be Fnareamd in steps of . Remove *om automatic control. Power rill be increeaed 

first. Flow rill then be increased by the m e  m o n t a g e  
t o  compensate for  tha incmased p a r  generation rate, 

17. When an aqaillbrirnr temperature and power condition 

e l d s t s ,  the nert atop i n e n a m  c m  be made. 

18. Reaet tho rutematis flux level controller to W ( f u U  
pore2 . 
19. It rill bo nrcmmsary t o  inotswo the f l o w  r a t i o  aontrol 
z u  power faareasee t o  hold the reaator cold leg temperature 

at 500. F. 

20. Aa f u l l  parer is approaahed, insert  one control rod to  
increase the period t o  00 at itrll powr. 

21. The f l a w  ntia control should be set on (1) o m  whsn 

the reaator i n  at full porrr. 

22. k m t s i t h s r w k o l M m a r * t o a o t o s - N @ -  
latirsg rod. 

Note: Both ngulating rob  mmt bs a t  their upper W a i t  

yr ior  to ni- to antoautia ooatrol. 
23. Move th. -tor Rngan se1.Otm for the m l e a t u l  
rob t o  the "Pwdu" padtiorr. 

24, Mom the npOa Oan-1 M a r a  to the rod ssleobd 
" A ~ t o "  poslU01. . f 
25. m.. ocw t,adkt rod +a e out to mev8 the mgalrting 

ro6 t o  tk rwrw 4 it8 ooatsol 
26. Ib raaaw b- rra rt #UI pornr on uttOp.Ma oontrorm 



( 4 )  With the reactor  preseure at 3 peig obsmme the 

flow ind ica to r  on PC-4320 If flou LB indicated, the 
set point ie above 3 p s i g  and requires resettingo 

( 5 )  Sf no flow is h d i a a t e d  repeat  e tepe 3 and 4 
f o r  PWtJ.76 

(6) If both preeaure control  e ta t ione  are operat* 
properly and the  reactor pressure agaFn r;Lses t o  

p& a BarPey of the  on t i re  helium supply for the 

anin  heat t ramfer  system i s  requireao Check all 

branoh lines f o r  abnormal f lwo Correot i f  necessaryo 

bo Correotive action t o  increase the low pressure: 

(1) ChwB Pc-417 and FG.432. ??Ion should be indi- 

cated f o r  reac to r  p r e m e  lover than 3 p-,, 

( 2 )  If preerrure continues t o  drop bring the pressure 
b a d  t lp t o  3 peie; by opening PCAl7 bypass valve 

( v-26& 1. 
(3) I f  no flaw is indicated a t  PC-417 and -32 for 

a prersare lese than 3 p a  the  o o n t r o l l e r ~  m t  be 

rewt. 
(4) If -32 and PC-417 are operating properly a 

leak is hdiaated. Chedr vent relief PC-600 f o r  set 

pint. If a aurreg of  ren t  and helium oorrea- 

tione mrrs$ k aad. to  btermine leakmgw point. 

20. fUd, -3 Wmt-8: drsateo than 1 0 9 .  F. 

a. CarresUw .a#= to wduee the  temperature: 

(1) Redum reador power. 

@l If other  rerrotor tsmparatume an normal this 

* . , a. Y.'-&m y .ro a plryl tn the .o- norr 0-0. at 

t&b bottom of tho mlemsnt. Thie w i l l  reqtriro renoval 

- &the alement, a f t e r  &tit dorm, f o r  oleanFng and hot  ' I 
o j l  izmpeatibn. sRE-4Il.50 

21. baatar eoairm lml: Less than 4 f  3" abovm reactor  out- 

let Ilru* 
a* C o r r e ~ t i w e  -tion t o  *m the  -18 

(1) Thie blrrm m i l l  indiaate a leak i n  the  primary 

sodim, ayaterc 





(a) If no flow i~ hdicated at  

Fndlcato nalfuaction o f  PC-505 

ta to  r e p a i r  or resetting.  

(3) ITitrogen presenrro can be controlled mnual ly  
during this period by operation of PC-503 by-paee 

valve (V-3%) . 
420 Compressor motion tank p r e m :  h a t e r  than 14 paFso 

a. Corwctiw aation to reduaa the pressure: 

(1) Check to me that both campreasore are operatingo 

( 2 )  S e e  that suction tank valve (V-5lghl i e  closed. 

(3) Check tho oporation of  the high preseure sni tches  

(11~3.612) (m-614) . 
(4) Operate one conpromor at a tino t o  i s o l a t e  the 

defective unit (See SIULb7.2 Corqresaor Operation). 

430 lleruury preet3ure in the boiler: Greater than 2 l O  peic 
or l e s s  than 165 peig. 

a. Comctive aotion for hlgb .prsemms 

(1) A high pressure alam vill indiaeta a leak h-an 

tho atean side o f  the b o w  into the Bg. 

(2) The raaotor shoula be ehut down u&q stPndard 

Bhrrt do- ~ m e d m .  

(3) Thr after glow heat load transferred to the 

anriliary 48ten.  

(4) Palm off the steam generator f m ~  the  main e o d i ~  

by V a l ~ e ~  ( ~ 4 6 4 )  and (v-165) 

(3) Clbse the main primary blook valves (V-lD1) and 



%5,,1 i-~rrnal Operation of Heliun System 

' The helium mn5fold sy6ten alarm shall be set  to t r i p  a t  

125 p i g .  Upon recaipt  of th io  alarn in the control  room the 

r--;ten shall be llaaually valved t o  the standby manifold. The 

o Causted bo t t l es  shall be replaced as soon as possible and t h i s  

izifold purged and placed in standby service. The change in 
i? l . ium b o t t l e  bven tory  shall be entered oa  the I n e r t  @u Imen- 

+ x j  Log, Forn 609. 
F , NO& operating pressure adjustment for tho various s ta t ions  

E :;11 be as shown under Helium System, -3. 
C, FC s t a t i on  bypaas valve8 are t o  be maintained cloeed at all 

>'de6. Exceptiom a m  during the pur- operation, a period of  

zda tenance  on tho TC valve o r  a~semblg,  or  when checklug relief 

-iicCve operabil i ty.  

5 ,  Changes in the  follovlng s ta t lone  a r e  required undar certafn 

c-3ecific operating conditions. 

1. ~ ~ & 1 3  a d  -27 Main and A a x t J h r y  Double W a l l  RLpes 

These >resenre control  valves w p p 4  heUum t o  these 

spaces at  U p e a  to ac t  as a heat barrier between the tm 

pipes. Each double w a l l  pipe e n c l o m e  vent valve t o  the 

vent -stem normally c1o-d ( v A ~ )  (~-467) (VA9). 
When the aodium pool in the reac tor  5s t o  be drained, the 

mpply block valves (V-265~) (v-2856) shall be c lomd and the 

vent valves opened. 

2. ~~-417 and PC-418 Reactor Atmoephere 

X-418 is s e t  f o r  1 /2  psig t o  be used during reaotor 

,P~-417 i s  set f o r  3 p a i g  and ia t o  be w e d  after 

sphere o p o r a t w  temperature hae been attained. 

.. Imem *tiom are al ternated by use of a tro ray solenoid 
'2. 
. $ t r i ~ + ~ . a  on p-I EH. IJ~OXI re-tor tw tdo rn  0p.n ~c-418. 

Should the  presanre alarm (5 p d g )  ansociatsd with the  tcwator 

atnosphere sound, an irmJbdiate inveatigstion shall be i n i t i a t ed  

t o  ~ u c e r t a i n  the  trouble. Check the h d h z a  mpplp eystan f o r  

operabilitg and the vent relief ep~tsm as described Fn 

SRE-407a1, item A, 1 b. Close the  hellum supply bloc 

va lws  ( w 9 . a )  (v-292~1) (v-268~) (v-268~1) i f  the preesuw 
reaches 7 pdg .  



30 FC-432 a d  -33 Primary Fir-1. 'Pank 
Identical t o  system 2, above, and should be operated in 

cc3jurction with reactor  atmosphere supply as both sgatems 

ar? d i n a t l y  tied together. 

4. PC-452 S e c o n w  F i l l  Tank 

X e n  f i l l ing the seoondarg fill tank with eodium the 

helium  upp ply shall be cut  off by cloeing the block ralm 

do-mstrean from -52 (V-298~) and the normally clooed block 

valve i n  the  vent line opened (V-299). Upon i n i t i a t i n g  heat- 

h~,  the vent block valve shall b e  closed. 

5. PC1457 Main Secondary 45cpanafon Tank and Cold Trap 

I)llriz.q tarnal operation the  gupply La e e t  f o r  3 peig, the  

rellef valve bypnaa (V-J6%) is  closed, the block valve ahead 

of the  r e l i e f  valve (V-309F) i e  open and t h e  gas supply t o  the  

freeze trap (V-710) ia clowd. 

a. Upon secondary system filling cloee the helium mpplg 

valve ( v - 3 7 ~ ) .  a l 1 ~ h t l . y  crack open tho PC bypum ra lve  

(v-307C) and open r e l i e f  valve bypaas (v-309~). 
be Upon aecoadar~  agstsm &&slag the  block valve t o  t he  

r e l l e f  valve (V-3CJ9P) ie cloeed and the  gas p r o m  

ra ised t o  force the eodium into the  iill tank. 

6, PC1462 Auxiliary Seeondrrg Erpaneion Tank 

SimilpF t o  above. 

7, PC-475 Sodiru Semlce TTansfer 'Ank 

U a  tank ia used only  during the transfer of eodium from 

the 55 g a l .  drums t o  the primary o r  eecoPdarg f i l l  tanka fo r  

operaticw of the  helium egstem. See SBE-403.1 and 403.2. * <ca 
8. W S k s a a  Wnerator and Seoondarg Block Valve6 

+t, 

-normal operation thie p re smm control  e ta t ion IE 

back-up helium peesu re  for the maw traps on the 
main secondary q s t w  and the steam generator. Belipnr is 

mppl l ed  tbrough this s ta t ion  for  purging the  steem generator 

and associated p i p i n g  prior  t o  with sodian. 

Ihving normal reaotor operation each s t a t e n  flow indication 
nxd pre-e shall be cheaksd once each and recorded on 

!;om 610. 



'a7 Sei e .jg6ta 1 
Tie vent systen, 3y a   yet ern of headers, co l l ec t8  a l l  process 

~.::1-6 co~ta. i .% 02 possibly contalniog radioact iv i ty ,  F5g. 130 
:(: r F:Lg. 14 fo r  P.C. atat ion  location.  These gas sourcee are: 

. , ITornallg Containing Radioaet i r f tg  

%actor an3 primary fill tank helium blazlket atmoepheras. 

Priniary circuit6 and disposable cold tra~, rents. 

Cleaning c a l l  vents, 

Fuel handling cof f in  service  connsotionso 

Radioactive liquid waste a e c ~ ~ ~ u l a t i o n  and hold-up tanks. 

Hot cell radioactive service  connections. 

Hot t r a p  tents.  

7 , Gornally Non-radioactive 

1, Primary c i z c u i t  pumps (21, 

2, Reactor drain lina freeee t r a p  ventD 

3=  Helium mp3lg system mUef valves t o  the  fo l lo r ing  e e n i c e s t  

a. Main and arudliarg primnrp block valves (2). 

b. Main and pdmary double rall pipes  ( 2 ) .  

c. Control roQ* 

do Safety rods. 

e o  Disposable cold t r ap  system. 

Po ?4ah and a u x l l i n q  primary piping and equipment (2). 

go Core tank aaxLw. 

4, Nitrogen eup- s3fstsm r e l i e f  P a l w e  t o  the  following 

LO. Raw fuel etoraga cel ls .  



The gases from the eeroioes l k t e d  in aection A go directly 

I:-, the comproesor auct ion tank locatod north o f  the reactor  build-  

2 . q  i-n a sh i e lded  p i t o  Qasea from eer r ices  B are monitored fo r  

x : i o a c t i v i t g  i n  the n a b  headers, and accordbg  t o  the a a t i v i t y  
p z r  pnased t o  the  compressor suction tank o r  bypaseed through a 

2i: fer t o  the atmosphora. 

The compressor mot ion  tank is maintained slightly below atmoe- 

; k : r i e  pressure a t  all t h e e ,  thw tho f n t r a f l w  a f  gas 

:1$1zeen service  headers, by ammring flow i r o m  higher preaaure ser-  

;Fir e outlate direct ly  to the compressors. ho compressors in 

pal .allel draw fron; the eaction tank; conprees the  gasee to  ll4 ps ia  

mc exhauat to one of four  350 cn, f t .  decay tanks. Here the gases 

na; be eampled and erhaneted npon s u f f i c i e n t  deoaj, see ~RE-410.3~ 
Zxlauet rate is controlled by a pressure redacing Pal- and an 

ne: ociated haad operated globe valve. Exba~st gaees paes through 

a ( Xi f i l t e r  and ere  di luted by the  hot c e l l  vent i la t ion ePhaaat 

nt: e m .  Should adit iondl  dilution be neostmay dnat work and 
csr ociated damper s y n h  a r e  installed t o  a o r  the use of a 

25,000 cfin di lut ion fan. 



a- f ..L ~rmal a n d  Emergency Operation 

The o ~ s r a t b q  proceduree for the various sedces of tha 

:3ct -stems are as fol lose ,  rice I?: 
' Radioactive Services Operation 

1. Reactor and primary f i l l  tank atmoqheres. 

These two spaces have a comaon helium atmosphere, which 

is supplied 3s per operating procedure SR%405e2, i t a m  4 b, 
operation of tho helium syetem. The helium pressure control  

s t a t i o n  servicing this atmosphere does not have a preasurs  

r e l i e f  valvep RoUehg of excessive p re~su ree ,  which could. 

reoult fron misoperation o r  malfunction of the  helium supply 

valves,  is accongllsbed by relief valves PC-600, RV-603, and 

RV-602 In t h e  ren t  eystem, PC-600 is U p b r a g s  operated and 

is  net t o  ?elieve a t  4.5 psig. The r r l v e  rill close if the  

disphragm fails. RVb03 re l fevee a t  6.5 peig upon fail- 

of RV-606. 37-602, upon the f a i l u r e  of the other  r e l i e f  

oalvee, aill re l ieve the  atamosphere of the veswls to the 

main gallsry. 

a. Relief valve bypass valve (V-497) w l l l  normal4 be 

cloeed, It rill be opened only during purging of the 

reactor  and fUl tank atmospheres. 

b. Bypass valve (9497)  be opened t o  r e l i w e  the  

reactor  and fill tank atmosphere i f  the pressure rwohes 

8 p i g  c a u ~ d  bj malfmotion of the rogplar relief rneten. 

This method of  relief ehall be by wpendsor ' s  p e a e i c n  

only, (See SRFkkl8.2, it- 4 b.) 

-: ,:-> .' za trap r e n t  valve (V-623) rhnll be alossd except 
W- ,, spoaablo cold t r a p  vent operation ( m e  SFtE404.3) - .  
"9, . +. --, 

ling valve, which is nannally cloned, is pro- 
.-.+>.. .. . 
-a 

o p r d d e  in fomat ion  on completanoss of helium 
purges o r  of gaseom f inalon p r o h a t  act ivi ty .  (W 

S R & ~ O . ~ ,  e m m p l i q  procedure. 

2. Helium venta from free- traps f o r  main and aurLlLarp 

primary cold traps and pipitag adjaoent to  a t e rmsd i a t e  heat 

exchangerm, The line8 arm t o  be used In oonjanction d t h  

prinarg eyetam fUl&q pmcedure (~RE-405.2) 



30 Cleanfnt cells and new fuel etorago cells vents. 

Each of  the three  cleanine cel la hae  tm vent conaections, 

one passes through a cold t rap,  a vacuum pump, and an oil 

trap bafore exhaust*. The other  b p e e a  the vacuum pump 

ags tm.  

The three n w  fuel storage c e l l s  are provided with a 

helium syeteo supply and a vent 8getem on t h e  suct ion s ide  o f  

the above nentioned vacuun pump. Operation of tho cleaning 

cell and the fuel storage cell vents I r e  discussed uader f u e l  

handling procedure (~FLlZ-414) normal praceduree a r e  a 

a. The three  block valves (~-670-1) (7-670-2) (~-670-3) 
and header Palo* (~-679) from the  new f a e l  storage c e l l s  

are closed unless purglng of c e l l s  is in progrees. 

bo The sir blook valves (v-676-11 (V-676-2) (V-676-3) 
(V-501) (V-502) (V-503) from the  f u r l  cleaning c e l l  are 

closed udleaa washing operat iom are i n  progrrse. 

a. The vacurn pump 01% valve (~-683) +s maintained 
olosed ualrsa the pump i s  being operated. 

d. Cold trap drain &re (~-6%) is normally C ~ O B O ~ .  

It ahnrl bo opemad following use of the t r a p  t o  allow t h e  

aondensate t4 dr85.a t o  the  l i q u i d  waste mmp tank. 

o. Sample connection valve8 are protided at each fue l  

oleaning oell .  Them Pdlres  are nomially closed. (see 

sRE-310.4, srmpling praaedurr .) - 
4. Fael handUn6 c a f i i n  s e r r i c e  c o n n e o t i o ~ ~  

Two oonnectbna t o  th. r e n t  system a r e  p rodded  for the  

""2.- eofrin. O m  ie located immediately t o  the meet 
9.. < 
*: 0s t& &dry f u e l  eto- area and the o ther  is in the  . _ ,  - i 

oe$f%it d o e  area. 3 . - f  .Jr 

'. &., q a k  ra lvos  (V--1) (v-5Ok2) at  each eerr loe  con- ** $, '> 
mctfon  are to  nanin olosed urrlea8 serrrioe is b.irrs 
employed. Al-6 make aonneation p r i o z  t o  opening bloak 

a v o s  and olom block yalvea, p r i a  t o  discomrecto 

be Valve t o  atmaphere (v-518) from t h e  c o f f i n  aerrico 

area oonnrotion ILV narmally aloead. Dee of this valvr 

requires  a p p r o d  of supmrvlsioa. 
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5 0  REdioactive llquLd m e t e  and hold-up tanka,, 

The vent eystern t i e 8  i n  d i r e c t l y  and draFn.9 t o  the 
l i q u i d  waste sump tank. A vent system header alsa eerPee 

the eie;ht t a s t e  hold-up tankso This Ilne rsllsf and anso- 

elated bgpase valves operation i e  diacuezaed under hold-up 

and etorage tanka (SRE-411.2) 
6e at c e l l  vent semiem connection 

This connection is for  the diapoeal of r ad ioac t i re  

game resulting from hot c e l l  operations. 

a, Vent s e R i c e  header block valve (V-520) shall be 

cloced wileem header is in me. 

be Use of header requ i res  p r io r  approval o f  s u p e m i ~ i o n .  

See hot call procedures (SFS-415)o 

i e  Normally Non-radioaotive SerPices  Operation 

Gases from the below l l s t e d  ~ervicee a r e  monitored by fn-line 

rad ia t ion  instmmentrr. If the activity l e v e l  iB below 10-~/lo/oa the 

; ases are d l s e c t e d  t o  the atnosphere v ia  indicator  a c t i r a t e d  eolo- 
: a i d  valvese If bigbar a c t f r i t y  l e v e l s  are prueent the fgwes ate 

I ompreessd f o r  s t o r c y  in the  deoay tank.. 

Operation of the  above diversion stutAon l a  u f a l l m a t  

a. M t e r  e ta t ion  b y p a s  valve (v-508) is  n o w  closed. 

This valve may be o p n e d  in ooojpnation with valve (V-507) 
fo r  specif io  purging opera t iom o r  during C u t e r  s t a t i o n  

maintenance r i t b  saperrision approval. 

b. Proper operation o f  radia t ion ind iaa to rs  and aseoai- 
rted solenoid rdltes ahall be cheeked montly by the  health 

b WOW. . - >-; 

2," r p q  rent ,  

-'$ins c a ~ e o t ~  t o  the main and a- pi- 1 &*;. 
oaginSo A presatue control ler ,  d t h  associated I * 

blo& and bgp.es valvsa, ie incorporated in each yonp branch. 1 
a. The proseure oont ro l l e r  bgp.as r a l r e  Fs n o m a U r  

closed eraept daring the  purgLng operation. 1 
bo The contra l lere  ere eet t o  vent the  puntp 0- at 

15 pdg. 
a Helium is aoppUed t o  the  pmp o a d . n m  at a preesure 

determiaed by the  operating charrct&tica of the pUPlpo 



d. Ebnual venting is accompliehed, after cloeing the ! 

helium i n l e t  valve (V-318 o r  V-326) , opeoing t b  3 5 C) pressure con t ro l l e r  bypasa ~ a l v e s ( V - ~ ~ ~ ~ ) m d  obsexdng 

the c a a h g  preeeure indicated on the pump b e i n g  vented. 

3 Reactor drain lins vent. 

This l i n e  connects t o  the vent agetem ~ i a  a f r o e m  t r a p  

and a bloak v a l n  (V-528). By rneane o f  campreasor snotion 

i 
I 
I 

tank bypa68 l ln4  530 and associated valve (v-5%) the  gas I 

compressors can be u e d  t o  p r i m  the  reactor  d r a b  pumpo 

For use o f  t b i s  pump see ~RE-405.7, 

N o m d  valve _poeitions are : 

a. V a h e  (P-528) closed excop tug  daring primary aodiun 

ayetern pur- operations. 

bo Valve (P;s%) closed except d u r i a g  reactor  drain 

pump priming operations. 

4, EeUm eupply system r e l l e f  valvee. 

Operation of r e l i e f  ra lvee  from preestvs control  e t a t i o w  

PC-410, PC-413, PC-419, PC-421, PC-425, -27, PC-473, PCAf4, 

~~-436, ~ ~ 4 3 8 ,  Pc-446, i s  described and dieoue8ed undor 

helium eyatem, SRE-. 

5. Flitragen supply s y s t m  re l ie f  valves. 

Operation of re l i e f  Palme i ron preaemre control  s t a t i o n s  

PC-507, PC-=, PC-SOP, PC1503 ~ n d  PC1505 i.8 desotibed aad dis- 

cussed un&er nitro- syaten, SlE-409. 
6. I n m k t i o a  cmritg rent. 

The nifragen sjrsfem maintains a minimum pressure o f  3 psig 
e. %lief d m  PC-505 on t h e  mpply line rill 

t h e  mat -tea (see i t em 5, abow) should the 

eed 4.5 ps5.g. A r e l i e f  valve is also incorporated 

apstom and nill r e l i e r e  at 6 p d g  a h o d d  tha other 

f a 0  

a- glooMng taln (V-4911 is nornally closed. It is I 

opened only during purging aperationu concerning the  in- 

Bulation oavi ty  (see SRE~409.11. 

b. A eamplbg valrs, wh+ob I s  normally closed is provided 

imnediateu up at re^ af the b loddng  M v e .  SIlnple to 

provide infoxmation oampleteness o f  purghg operationso 



7, Core  tank cavi ty  vent. 
The helium s j s t e n  maintains a rduknun gressura of J ps ig  

i n  t h i s  spaca and rel ief  valve FC-473) on the supply line 

d l  exhaust into the  vent system ( m e  item 4 above) should 

the  p r e e m e  exceed 4.5 pig. A rel imf valve I s  a l s o  ia- 

corporated i n  the  vent syeten and m 3 l l  r e l i e v e  a t  6 p&g 

should the other  re-f valve f a i l o  

a. Xoclring valve (V-J+59 i s  normally closed. f t  ie 

opened only du- ;lur&g operations concerned with the 
core t a n l c  c a d t y  o r  the helium system. (See 3-8.1.! 

be A m p l l n g  raloe, which is normally closed, is pro- 

vided a e d i a t e l y  upatream of the  h loikiag valve. Sample 

t o  provide infonuation on ccmpletenese of purging opor- 

ation o r  F n t e g r l t j  of core tank. 

8. ~~ and auxiliary primary block oalvee. 

Each of t h e  four valves b d l r e o t l j r  rented. Tho vent is 

employed only when t h e  valve stem8 a m  purged with helium. 

ibrging a h o d d  normally be required only followin8 valve 

maintenance o r  loss of valve seal during operation. 

a. mocking valves (~-471) (V-479 (V-453) (V-4561 a r e  

normally elosdd. They a re  opened o n l r  during controlled 

purging operation. Should these  m l v e e  i n a d w r t e n t l y  be 

l e f t  open and b a l d  the  valve irsese seal fa i l ,  sodium 

could now in to  the  r e n t  system. 

be Sample valves a r e  provided irmnediately upstream of 

eaoh bloc valve. Sample t o  provide Fnformation on 

. snescr of pur- operation. 
awdlinrg double m a l l  pips6 rent- 

;J Tho"_ urn eyetern maintaLLa a m5almum preeaure of 12 paig -1- "2 9% 

:. 5 a  +a# theae apacea, Relief valpse on the  suppu system 
4. . 
aW. relidre t o  the  rent  system at l l M  of thls p e s r u e  
(see item 4, above). 

a. KZocklng Pal tea  (V-452) (V-1 are n o r e  cl0-d. 

They a r e  opened only during purSing operationsa 

bo Sample yalves u o  provided imwdiateU upstre- of 

the blocking ralrrsao Sample valrsa are cloaed eboepting 

when a a m p m  i e  Fn progress (sRE-410.4). Sample t o  pro- 

v i d e  infornat ion on complebnese of pruging and i n t e w t y  
of double w a l l  pipes. 



2,. Tent Syetem hrgfng 

1, Systen PLpFng and Sen i ce s  

InLividual services  are to be purged according to the 

respective system purging procedures. Xnitial purg.8, 

4 2  which radioactivity is not a problem, are t o  be diver ted  

fron tto compreewr suction tank by opening of  block ralres 
(V-507) and (V-568). Individual serricee purgee f o l l o a n g  

mainteaaoce, or f o r  other reasons, after the ren t  ayst(B is 
radioact ive ,  are t o  be routed normally by the vent ayatam, 

as descr5bed in SRE-410. 

2. Compreseore and Suction !Pa& 

The matron  tank and each of the conpressore may be purgod 

independently o r  all together, ae reqflFred f o r  a c c s & U t y  

purpose8 in the aompreeeor vault o r  f o r  unit maintenanom 

reasons. F'nrging ga6 is eapp1led by conneotion of a b41Lirsm 

bottle(8) to the  pressure reducing station f o r  t h b  

adjacent t o  the compressor vault. This a t a t i on  rill r s d P ~  

the heliam preasrrre from 23W paLg t o  5 p e a  

Valve manip la t ion  sequence or  proceduree f o r  any of the 
purging opra t ionr ,  are t o  be authoriesd by mpervinion when 

the procednrea are required. Extended purge eumoss or ter- 
mination point may be Judged by a redwtion in radia t ion in- 

t e n d t i e s  a t  the pnrtioalar eqaipent piece. 

The r sn t  syatsrP valvsa that are normally olotmd a m  indi- 

cated in soUd o a r  on the P & I drawing. 



d , 2  P ddup and S.:orage Tank Opsrat ions  

(: inoral 

The t en  m t o  holdup tanks are divided i n t o  tno suct ions  of 

' .7e tanks each '~y a center shielding w a l l .  Sbould lisls or  
r * s s e l  servichg be required, t h e  m e t e  in the  sec t ion  in ques- 

.on m y  be t ranaferrsd  t o  the other ,  thua al lowing b e t t e r  ac- 
c . s a i b i l i t g o  Trnnsfer is aceompllehed p r + m  the  veaml 

I be emptied, and provis iors  are i n s t a l l e d  for fluahing of  the 

1 *csel and l i n e s ,  

The holdup tank8 a r e  connected t o  the radioactive vent s y ~ t e a  

50 pail: r e l i e f  valves and an associated bypaes valve for each 

o ' the two eoctionss The bypaw valves a re  normally opens the 
I- , l i e f  valvee used o n l y  when pressur is ing o r  i f  i s o l a t i o n  is re- 

c dred. Each holdup tank is  connected t o  the vant header dlrectlg 

I-, a f l o a t  type vent valve, which 811l a l l -  -6 t o  pass but 
r: oEea agains t  L q a i b ,  thus preventing flooding of the  vent spa- 

t. n by overfilling o f  a reemel. 

Each of the Loldup tank paults is provlded r i t h  a sunp ton- 

E ( c t e d  via a line and valve to t h e  holdup tank drain header. The 

C a b  line P a l v e m  a m  normally d o e e d  to  uontsin any BUBQ accmmr- 

Z;.tion, which could indicate leakag. of linas or vessels  in t h e  

rt s p c t i v e  vau l to  

!bo m o t  bury 5000 gallon storage tub rtd u e d  i n t o  bath 

t: e m p  tank pump out l i n e  and the drPin h a d e ~  from the  holdup 

t:nlis. The~e v a s e a b  haw rad ia t ion  indiuatore and UqPid l e v e l  

l i  2dcators which are read at the waste d i s p a d  atation.  They a r e  

r rn ted  d i r e c w  t o  the atamsphere. A ponp o a t  I l n e  ha6 been pro- 

t:.dsd f o r  each msm1 ahould future removal of the  liqaid w ~ &  be 

rc quire&. 

1. The holdup tanks and the  m u t o  atwage tanka be 

inventoried anom daUy and the &a recorded on Form 612. 

2, The vault -6 ahall be frrepeukd en00 d6&ly f o r  1Zqd.d 

accumalation. Anj ELquid present a r ~ f  bo sampled to deternine 

the eource o r  drain.d dlroctly t o  tho stor- tanka at the 

h a r e t i o n  of the  



c o f f i n  is  moved becauee of an in te r lock  such i n t e r r u p t s  

all porrer to  the c o f f i n  t raverse  and bridge motors rnheil 

the  index leaves i t e  rvuprl ?os i t iono The c o f f i n  m a t  be 

properly indexed (all four l i g h t 3  on) before the r e s t  

of the senl ing  operatione can be completed, A l i g h t  orl 

t he  control  panel indicates the  ''index head upw position. 

b, The gas seal mag now b.t lowered by o3erath.g t h e  

"lower gas sealw d t c h  on the control  panel- Three 

oolenoid operated two inch pneumatic cyl inders  ta lae  e r d  

lower t h e  gas in te r lock  eleeve assembly ~ h i c h  eesls t o  

the index ring prevlouely ;)laced i n t o  the  f u e l  plug cer- 

ingo  Lights on the  panel ind ica te  the %prl and "dm11 

positions. 
c o  When a l l  four index l i ~ h t e  a r e  on an in te r lock  l a  

also completed which permits the  pickup devlce t o  be 

loweredo 

d. A switoh lower8 the  pickup device from I t s  t r a v e l  

poei t ion t o  its "doml' posit ion.  A micro d t c h  s t o p s  

i t8  downtard motion and tarns on a panel l i g h t  (grapple 

down), and an in te r lock  is  completed t h a t  allows the 

vacuum buggy t o  be operated. This vacuum system w i l l  

not operate a a l e e s  the grapple plug %a i n  the  ndomn 

poeit ion t o  hold d o m  the  f u e l  plug ass.mbly durbg 

evacuation. I n  case the  dorm m i t o h  f a f l s ,  an override 

sn i t ch  (emergenay maaum b u w )  allots power t o  the 

VBCUWI b-s 

e. p le  shFsldad vactrma buggy La now used t o  evacuate 

th.riW in tar loc~r .  me ~nmtlm buggy ooneista of a 

w a p  vacuum ptunp and ahielded diecharge  tad^. 811 

dih on the buggg a r e  eoleaoid type, operated from a 

a e p r i t e  pendant. 

f. P r i o r  t o  asing the  vacuum buggy f o r  etaerrat* the 

i n t e r l o ~ k  the  foll- procedure rill be carr ied  out8 
The f l e x  how is connected t o  t h e  r e n t  ayetern ia the  

c o f f i n  service  area, The 'cank i e  emouated to the vent 

eystem. Solenoid valves a r e  then arranged so as t o  p r -  

m i t  evacuation of the  Fnterlock througb the  f l e x  hoee 
i n t o  the  shielded tank. 



l l c h  o f  %c zb?cc l i s t e d  z.==;s i:; ;cr-:,,s oLT ; oz2z- 

x r c  cclr.z?o'l s-:stlon zcn_t,-Ls.:< ::~ 2 7:t39..lT2 ~3-.trz~ v21s2 

. . 1 2 h  . i ?~i:- <: . : I~JcLLT.~ -:~l:>s 2.15 2 );.7:2'; -;~L*;J x;.d i Z 2 .  
. - In  5i:e l d j acen t  i r i 2 ~  :',s=;froz ::c= ;-?,-;I CG;F~~; ;;i2tiJ1 

t h e r e  i s  a lcc312y r c z d  I l o ~  i x i L ~ ? . t c ~  2i:d ; Y ~ ~ s ~ J ~ D  F R ~ F -  

c a t e r ,  m d  a ~~~~~~~e relief .ialcc co~x -=c l i od  to the ~.:zctor  

vent  nystem. 3PI-336 t r n n s u t s  ti-? gi-ezsuze 2.3 cz r t l - c l l e?  b7 

FC-505 t o  p z c l  HB k  he c o n t ~ o l  r c c s  - 3PiLn.-514 3222-511 

actuate 2n a a r n  on ? e n e l  W LI t h e  con<-31 zacn  i f  <;k= s;:=- 

x2e dormstrem from iC-505 goes ebo?e 5 ~ s i  or h e l ~ i 7  2,5 :.;L,, 

2.2.1 T e s t i z t g  

U s i q  Ewgo 9693-9761~b as 2 ckcc:: list, all 

u n i t s  t o  rece ive  a n i t rogen atmosshere 7Till be nealsd. 

Each pressure  c o n t r o l l e r  and relief valve ;?ill be set 

at the  value ind ica t ed  on the P&I diagrm. The pres-  

su re  gauges will be checked agains t  the pressure  COE- 

t r o l l e r s ,  and difference8 correc ted  by d e t a i l  ca l ib ra -  

t ion .  The pressure  w i l l  be r a i s e d  i n  each system t o  

a c t u a t e  t h e  r e l i e f  valve and v e r i f y  its a e t t i z g .  The 

preasurea h t h e  h u l a t i o n  cav i ty  will be varied t o  

check the  s e t t i n g s  on =A-514 and =A-514. 

2.3 VentSng 

Geses from t h e  arean contnining a n i t rogen  atmosphere, 

mith t h e  exception of t h e  r e a c t o r  Fnsulat ion cav i ty ,  in ter-  

conrmanlcata with each o the r  through a. paral le l  vent hoader 

system. Tm t r i b u t a r l e a ,  one c o l l e c t i n g  from t h e  nain p r i -  

mary and mPin a-iarg g a l l e r i e s ,  and one from t h e  primary 

fill tank oault and hisposable cold t rap  vau l t  vent through 

a common vent l i n e .  Gases fram each tributary pas8 thro~tgh 

a r ad ioac t ive  dust  f i l t e r  s t a t i o n .  They m a y  be re l eased  t o  

t h e  vent eyetem through a common pressure c o n t r o l  s t a t i o n  

(PC-522) i f  t he  preesure exceeds 1.5 peig. Addit ional  de- 

tails of t h e  venting procese a r e  given in section 3, T e n t  

System. I t  

2,3,1 N l t e r s  (Equip. No, 78111%~ & 781118-~) 

Each r ad ioac t ive  dust ' f i l t e r  s t a t i o n  has two 

types of filtering media, a coarse s e c t i b n  t o  remove 





3 . 2  Eaa icac t l - rc  Qcs 2Lap:saZ 

o r  C & D a l t e r r a t e l y .  Another vaive d i r e c t s  i l o n  t c  t n d ; s  

A o r  B a l t e r n a t e l y  and the  t h i r d  t o  C o r  D a l t e r n z t e l y ,  

Release of gas from a se l ec t ed  s to rage  tenlc t o  t h e  extiius.: 

s t a c k  is done by a p a i r  of three-*.yay vs lves ,  one se rv ing  

tanks A o r  B ond one se rv iog  C o r  D. These v a l v e s  havc a 
p o s i t i o n  i n  which n e i t h e r  tank i s  vented t o  t h e  st.zck. A 

t h i r d  valve i n  t h e  dischai-ge manifold common t o  a l l  tanks 

p e r n i t s  s e l e c t i o n  of use .tanks A & B o r  tanka C 8. D, 

A l i n e  from t h e  discharge l i n e  common f o r  a l l  foc 

t anks  t o  t h e  compreseor suc t ion  tank permi ts  t r a n s f e r  of gas 

from one tank t o  another. The flow of gae re leased . f rcm a  

decay t& t o  the  vent  s t ack  is con t ro l l ed  by n pres su re  

c o n t r o l  s t a t i o n  P C - 6 ~ . .  
A r a d i a t i o n  recorder -cont ro l le r  in t h e  v e n t i l a t i o n  

exhaust  s t a c k  ac tua t ee  a s a f e t y  valve to stop the f lon  of 

gas f r o m  t h e  decay tank i f  t he  r a d i a t i o n  in t h e  s t a c k  exceeds 

a s e t  lePe l .  

A helium supply s t a t i o n  comprised o f  two 225 ecf 

he l l -  b o t t l e s  is connected t o  t he  ayeten a t  the  compressor 

a c t i o n  tank, and at t h e  suc t ion  and discharge  a i d e s  o f  t h e  

compressor t o  permit  purging of t h e  q a t e m o  

3.2.1 Suct ion tank (Equip. No. ,78122) 

The 100 cu, f t .  suc t ion  tank  ie l o c a t e d  on the 

h i l l  s i d e  170 it. no r th  of t h e  r e a c t o r  bu i ld ing ,  and is 

bur ied  under e a r t h  f o r  s h i e l d i n g  purpoeea. There a r e  a 

pair  of dehydrators  connected i n  parallel on  t h e  line 

betueen the  auc t ion  tanka and t he  compre6sor. The hu- 

m i d i t y  of gas pass ing  through the  dehydrators  w i l l  be 

?educed to + 16% @ 8uD F. 



3 . 2  1 Zn;"..;r,n::.;~ar. 
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x-esnure e : c : 2 ~ e s  ::;E _rrsac:ibed ;ct;ing, 

zlarr ,  is  actuztcd in ;i?e reac tor  c ~ n t - 3 1  r o : ~  

as 5 z ~ - 6 0 2 ,  ?:TO 3 i g n  c;.Ossu-.e swi.>c;:es - 2 2  >:yo 

IcW s re s su re  zn4tc ic .s  (LXB ? a i r  f o r  npch C C Z -  

pressor) ccn t ro l  t h e  conprcsoor ope r? . t i~n :  

These sn i tches  and t h e  r e z G t a n t  comprcsso? 

ogeroi ion a r e  ccvsred i n  secti.cn 3.2.2. 

j.2,1.2 Tes t ing  

The dchydra tcrs  w i l l  be checked i o r  n 

proper chemical charge. valves on linos 

en te r ing  the  tank w i l l  be checked f o r  ope rab i l i t y  

and pos i t i ve  eeating,.  

3,2,2 Compressors (Equip, No, 781218 & 78121B) 

The two r ad ioac t ive  vent  gae compressors are 

loca ted  in a concrete vau l t  on tho h i l l s i d e  170 f t .  

nor th  of t h e  r eac to r  building. Each compreeeor i s  r a t e d  

at 20 ecfm r i t h  a suc t ion  preasure of lo,? p s i a  and a 

diecharge pressure  of 113.7 psia .  

3.2.2.1 I ss t rumenta t ion  and con t ro l  

Each congressor  l a  cont ro l led  from a  . 

high and l o r  pressure  siritch on the  auct ion tank, 

The pressure switches f o r  compressor A w i l l  be 

set t o  a t a r t  i t  when the  pl.OS8Ure in the suc t ion  

tank  is 13.2 psia or  higher  a d  t o  s top  i t  when 

t h e  p r e e m e  drops t o  10.7 p a h .  The switchee 

f o r  compreseor B rPilJ. be s e t  t o  start i t  when 

t h e  pressure in t h e  suc t ion  tank reaches  13,7 

ps ia  r i t h  compressor A running and t o  e top  i t  

when the  pressure drop6 t o  U.2 peia  with com- 

pressor A runnixtg,. 

When t he  l o r  pressure  switch drops ou t ,  

t h e  power t o  t he  compreseor is maintained by a 

holding c o i l  r e t a ined  by a  timer. Shu l t aneous ly  

a eolenoid operated by t h e  pressure  swi tch  opens 
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p l e t c d ,  :h= hcldFzg sir:uir i; . z : -~ : ; ca ,  stc~giss 

t h e  congressor ,  3 2  above c a r z r o l  ;;rsfrz is 3:- 

signed t o  minieleo c g c f i n z  of :he c c r y e z s c = s .  

I t  is e s t - h a t e d  ? h a t  t h e  o p e r s t i c g  p r e s s l r c  cy : l c  

n i l 1  be between 10.7 m d  13-2 ~ s i a  aiid ;;ill > C  

handled by conpressor  X cith conpressor  3 ncf  

f ~ c t i o d i l g .  It is rcconiended t h a t  bho Zres- 

s u r e  c o n t r o l  swi tch  s e t t i n g s  be  a l t e r e d  p e r l o d i -  

c a l l y  t o  permit  t h e  conipressors t o  a l t e r n a t e  

c a r r y i n g  t h e  load.  The c o n t r o l  s x i t c h  f o r  t h e  

c o n p r e s s o r s  Fa l o c a t e d  on t h e  c o n t r o l  pezel edje- 

c e n t  t o  t h e  conpressors .  An over load  p r o t e c t i o n  

in t h o  motor e t a r t c r  o f  each compressor s e r v e s  

as p r o t e c t i o n  a g a i n s t  dazage t o  t h e  compressor 

if t h e  p l u g  valve i n  t h e  d i s c h a r g e  line is iz- 

a d v e r t e n t l y  c losed.  

3.2,2,1.1 TestFng 

The c o n t r o l  p o i n t  s e t t i n g s  of the 

p r e e s u r e  e r i t c h e a  c o n t r o l l i n g  t h e  coutpressors 

and t h e  o p e r a t i o n  o f  t h e  conpreeeor  bypass  

s o l e n o i d  valve6 w i l l  be v e r i f i e d .  The func t ion  

of t h e  t imer6  w i l l  b e  checked, The compreeeor 

motor s t a r t e r  o v e r l o a d  p r o t e c t i o n  dl1 be 

t e s t e d  on each compreseor by purposely c l o s i n g  

t h e  b l o c t t n g  va lve  In t h e  d i s c h a r g e  l i n e .  

3,2.2.2 T e s t i n g  

The compressors w i l l  be opera ted  wi th  

no  l o a d  f o r  a t  l e a s t  one hour p r i o r  t o  o p e r a t i o n  

under  load. They w i l l  be o p e r a t e d  on air t o  

check f o r  motion r e e t r i c t i o n s  resulting i n  over- 

hea t ing .  The compressor c o n t r o l  f e a t u r e s  w i l l  

be rechecked w i t h  t h e  conFressor  o p e r n t i a g  t o  

i n s u r e  p r o p e r  sequencing. 



tanks from 2300 t o  100 ps ie  and from 100 t o  5 
p s i  gauge r e spec t ive ly ,  before i t  is used f o r  

3 , 2 ,  J Dccay tanks (Equip ,  No. 7812311, 7 8 1 2 3 ~ ~  78123C, 
78123D) 

The four 350 cn, It. decay tanks are loca ted  

on t h e  h i l l a i d e  about 120 ft. north of t he  r e a c t o r  

building.  The tanks  a r e  s t a i n l e s s  s t e e l ,  and have a 

combined capaci ty  of  10,800 s c f  of gas a t  U3.7 psia, 

They are buried in a concrete vaul t  f o r  s h i e l d i n g  pur- 

poses. 

The purpose of t hese  tanks i s  t o  hold radio- 

a c t i v e  p e e 8  util the  gases decay t o  an a c t i v i t y  l e v e l  

considered a a  s a f e  f o r  discharge t o  t h e  atmoaphere 

through t h e  r eac to r  bui ld ing  v e n t i l a t i o n  exhaust stack.  

The v a l v b g  f o r  these tanka i s  described in s e c t i o n  3 , 2  

above, 

3,2.,3.1 Instrumentat ion 

Each decay tank is equipped u i t h  s 

y e a s u r e  pickup which indica te6  l o c a l l y ,  t r ans -  

mita t o  a mult ipoint  i nd ica to r  on panel HH i n  

the r eac to r  con t ro l  room, and a c t u a t e s  a high 



Tar ?< 37 - . , oT  - - - _  . 1 3 Z 3  

Local Press,  I n d ,  (?I) 0 3  5 ~ 8  615 $12 
P~ess, I n d ,  Ln Ccntrol 

!?om 3'3 535 508 515 519 
Press. Alar3 iz iccfrcr  

2oom 31Ph 3 5 ~ 8  5:s i - 7  
115 psi 

3.2,3.2 Tes t i ng  

A 1 1  -ralves used i n  t t n l s  opeiz t lons  

m i l l  be checked f o r  p o s i t i v e  shut o f f  under ;uli 

tank pressure, ?he pressure  ind ica t ion  2nd h i &  

pressure  alarn systems w i l l  be chec!red f a r  oper- 

a t i o n  under s inu la t cd  opera t ing  conbitions. 

3,2,4 Gas vent con t ro l  and f i l t e r  s t a t i o n  

There a r e  two po in t s  from which gas cay be ex- 

hausted from t h e  vent system t o  the  reac tor  bu i ld ing  

v e n t i l a t i o n  exhauet s tack ,  A r ad i a t ion  monitoring 

s t a t i o n  in t h e  trunk l i n e  f ron  t h e  co l l ec t ion  system t o  

t h e  compressors exhausts non-radioactive gaaee t o  the  

s t a c k  d i r e c t l y ,  and rou te s  r ad ioac t ive  gaa t o  the com- 

pressor .  Flow o f  gas exhaueted from the  decay tanks t o  

t h e  stack i a  cont ro l led  by a pressure  con t ro l  ~ a l v e ,  A 

second monitoring e t a t i a n  on, t h e  exhauet l ine f ron  t h e  

decay tank t o  t h e  s t a c k  permi ts  only ga8es below a pre- 

s c r ibed  a o t i v i t y  l e v e l  t o  be exhausted t o  t h e  stack. 

Oaaea exhausted t o  t he  stack by e i t h e r  monitoring 

s t a t i o n  a r e  f i l t e r e d  t o  renove t h e  p a r t i c u l a t e  a c t i v i t y ,  

302.4.1 Ekhaust direct from co l l ec t ion  system 

A Jordan i o n  chamber Fn t h e  t runk line 

from t h e  c o l l e c t i o n  system noni tors  t h e  paeeing 

gases. The output from t h e  ion chamber is indi -  

cated on a s i m p l i t r o l  mi l ivo l t  meter on panel GO 

in t h e  r eac to r  control room, Contacte on the  

sinpL;Ltrol operate  olen no id valves in t h e  l i n e  

t o  the cornpeasor and in  a shunt line t o  t he  
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solenoid v r l v c  i n  t h c  xr :k~u,r t  line ?revents  back 

flow *to "e col iccz ion  zyszen  ckcn  -;entL?; :he 

Seczy tankc tc ?he stack, 

3 , 2 , % , 2  Zxhnust i r a r -  h c a y  

The f low of  gas r e l eesed  k o n  r t s  

dccay tanks t o  t h p  r eac to r  bui ld ing  ventilntior 

s t ack  is cont ro l led  by a pressure  cont ro l  e t a -  

t i o n ,  aad is f i l t e r e d  by a C\7S type f i l t o r  t o  

prevent  t h e  discharlje of zsd ioac t ive  p a r t i c l e s  

t o  t he  atnosphere. A f l a e  a r r e s t o r  prevent8 

Sacls explosicns i n t o  the c c n t r o l  ays ten  p ip iag ,  

3 . ~ ~ 4 . 2 ~ 1  Ins t runen ta t ion  and con t ro l  

The pressure of gas r e l eased  is 

con t ro l l ed  by pressure  cont ro l  ITo. ?c-611 a d  

indicated  l o c a l l y  on pressure  ind ica to r  PI-622. 

The flow r a t e  of exhausted gases in i nd ica t ed  

l o c d l l y  on flow i n d i c a t o r  PI-600. The con t ro l  

s t a t i o n  may be blocked out with blocking 

va lves  and bypnesed by a normally closed 

valve in a bypass l i ne .  

Tho a c t i v i t y  of gases pass in^ up 

t h e  vent s t ack  ia detec ted  by a QI tube and 

recorded on r a d i a t i o n  recorder  NO. RR-602. 

Limit contac ts  on the  recorder  a c t u a t e  a solc-  

noid valve in t h e  exhaust l i n e ' s t o p p i n g  t h e  

escape of gasee from t h e  decay tanka t o  t h e  

s tack .  

3>2,4,3 Test ing 
The pressure  c o n t r o l l e r  will be 

checked f o r  a b i l i t y  t o  maintain t h e  s e t  pressu?e 

poin ts .  The s a f e t y  shut  o f?  solenoid and r ad i -  

a t i o n  monitor n i l 1  be t e s t e d  for  funct ion by 

exposure o f  the  GI1 tube t o  an a r t i f i c i a l  r a d i -  

a t i o n  source, 
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under c e r t a i n  c o r d i t i o ~ s ,  

j , > , , l  Sases norsa l ly  iadicsct i - :e  
m. - ce  gases <bat a r e  ngrzs l ly  radicnc2i-?a zro 

g i ~ c d  d i x c t l y  t o  the auccion tad: for  t h z  c ; ~ ~ i - ~ s 3 c r s .  

1 Reactor acd p r k a r y  f i l l  t a ~ k  atncsphczc 

d helium atncsghere is  nainfained i i ~  

t he se  tvo units a s  described i n  section 1, 

"iieliur! Systems," above, The atsosphere i n  

t hese  u i t s  i 3  cornon. YJhen sodiun is trans- 

f e r r ed  from one of t hcse  tanks t o  t h e  o the r ,  t h e  

Gas displaced from t h e  receiving tank replaces 

the  sodium 3n t he  d i s c h a r @ ~  tank. Gas vented 

from t h e  l i n e  connect in^ theee two a r e a s  passes 

through a vapor trap (Equip. No. 7 3 2 l 4 A ,  

3.3.1.1.1 Control 

The helium supply pressuro cont ro l  

s t a t i o n s  serv ing  t h i s  atnosphere do not  have 

presoure r e l i e f  valves. All r e l i e v i n g  is  done 

by r e l i e f  valves PC-600, ~~-603, and RV-602 in 

t h e  vent  sgeten. PC-600 -1 be s e t  t o  r e l i e v e  

t o  t h e  vent ~yrrtem i f  t he  preeeure exceeds 

4.5 pel. RV-603 i s  e e t  t o  bypass PC-600 i f  t h e  

p re s su re  e x c e r b  6.5 pei .  F a i l u r e  of RV-603 

t o  open is backed up by aprfn6 loaded RV-602 

which vents  t o  t h e  naFn sodium .gallery when 

the  preecnrre reaches. 8.5 p s i ,  RV-602 ia in- 

s t a l l e d  t o  r e l i e v e  t o  t h e  gallery atmosphere 

on t h e  premise t h a t  PC-600 nnd RV-603 could 

be prevented from r e l i e v i n g  by f a i l u r e  of t he  

vent gas conpresaor ayetem. 

3.,3.1,1,2 Tes t ing  

 he' operat ion of  RV-602 R i l l  be 

checked by s e t t i n g  PC-600 and RV-603 to r e l i e v e  
a t  h igher  than 8,5 p s i  and p r e s m r i z i n g  



Vents fron s t r a t e g i c  lscatiocs In 

t he  sodium s y s t e x  where heliun is  fed  f o r  I;'-trp 

ine; purposes a r e  corxected d b e c t l y  t o  t h e  ~ e n t  

sys tca .  These ver?ts a r e  used only during 5hc 

f i l l i n g  of t h e  s o d i m  eysten and m e  sea led  by 

a ga te  valve and by l rozen  sodium seals under 

normal opera t ing  condit ions.  The operat ion of 

these  t r a p s  as i temized below m a  covered u d e r  

t h e  descr ip t ion  of t he  sodium systems. 

a )  Dispoaable Cold Trap 

b) Main P r b a r y  Cold Trap 

c )  Main P r h a r y  Piping at the  ?kin 
Intermediate Eeat Exchanger 

d )  Auxil iary Primary Cold Trap 

e)  A u x i l i a r y  Primary Piping at the 
A u x i l i a r y  Primary Heat Exchanger 

Gases vented from those  f reeze  t r ape  

paem through t h e  same con t ro l  s t a t i o n  as t ha  

r e a c t o r  and primar;l f i l l  tanks, ae described in 

s e c t i o n  3.3.1.1.1 above. 

3.3.1.2.1 Tes t ing  

The t e s t i n g  o f  t h e m  f reeze  s e a l s  

is covered under s e c t i o n  C.Z. "Sodium Heat 

Tranaf e r  Systems ." 
3.3.1,3 Venta frm cleaning  cell^ 

Each of t h e  t h r e e  f u e l  c leaning  c e l l s  

has two vent  l i n e s .  One vent is  through a con- 

densate  t r ap ,  and a vacuun pump, The o ther  one 

11lll1 H 11 MI lh lllll II Ill1 I1 H 11 Ill I IIIII Ill I IIIII 111 M 



at all t h e s ,  c n l e s s   sola at ad by a b l o c i i n g  

valve a5 the s m p  tank ,  

3,3,1,6,1 T c s t i n g  

~ c l i e f  ~ a l v e s  ZY-701 ant? 3V-762 

xi11 be ctcckcd for setting and ope ra t i on  a: 

10 p s i ,  

3.3.1,7 M e t a l l u r g i c a l  hot c e l l  

The decaming  and n a s h i n ~  conpart- 

r e n t  o f  t h e  n o t a l l u r ~ i c a l  hot c e l l  is open t o  

the  vent  eystem at a l l  t h e s ,  

3,3,2 Gasee normally not radioactive 

The gasee nornal ly  no t  radioactive may bc 

routed t o  t h e  gas  compressors or my be exhausted to 

t h e  vent otack as descr ibed  h s e c t i o n  3,10 These 

gascs are c o l l e c t e d  f r o n  t h e  eources  enumerated be lo^, 

3.3.2.,1 G a l l e r i e e  and v a u l t s  

These units n o r n a l l y  c o n t a i c i 2 ~  a nou- 

radioactive n i t r ogen  atmosphere are as follocs: 

a) Main P r i n a r y  G a l l e r y  

b) Auxiliary Primary Ga l l o ry  

c )  P r i a a r y  7-111 Tank V e u l t  

d)  Disposable Cold Trap  Vaul t  

The c o l l e c t i o n  of the gasea f r o n  those  

areas t o  a connon header  Fe described i n  s e c t i o n  

2.3,. 
Gasee passed from c o n t r o l  s t a t i o n  

PC-522 pass through a radiation monitor s t a t i o n  

(BHRS-505). I f  t h e  pses are r a d i o a c t i v e ,  they 

are r ou t ed  t o  thc vent  systen conpressor  sucticn 



tn.n!s- If t h ey  a r e  n o t  r a d i c a c t i . ~ e ,  t b e s  a r e  

roo-; cd cii-ecf l y  t o  the b u i l h b [ :  veatiloticn 

ctack, T h e  rcui;ir.,r of -these gases is c f - fezcnd 

by soicnoid r c l v c s  SV-501 ix the ccnprecsor 

~ u c t i o n  tank l b c  and SV-500 in the steck line, 

as cont ro l led  fro= the  noni ior  s t a t i o n  3lm.S-505, 

3.3.2.1.1 Xonitor s t a t i o n  

The r a d i o a c t i v i i y  o f    as sing 

p s e s  i o  dc tec ted  by a Jordan ion  chcmber, 

and i ; h  ocltput anplified t o  actuate   relay^ 

t o  cont ro l  the  action of solenoid valves 

SV-500 asrd SV-501. The a c t i v i t y  l e v e l  is in- 

dicated on BRI-500 on pancl. GG i n  t h e  con t ro l  

room, 

3,3.2.1.1.1 T o s t i n g  

Tho proper funct ioning  of 

thia monitor s t a t i o n  -1 be checked by 

bringin(: a r ad ioac t ive  cource i n  proximity 

with t h e  de t ec to r  and observinl: the  sole-  

noid valve operat ion,  

j.3,2.2 Roactor drain lino to primarg f i l l  t3nL. 

The vent from this line is through a 

f r eeze  trap in the  p r ina ry  f i l l  t ank  vault .  A 

bypass line around t h e  conpressor suc t ion  tank 

p o r n i t s  use of tNB l i n o  and t h e  cozqmxsors t o  

prim0 the r e a c t o r  drain pump a~ described in  

eec t ion  C. 1, "Sodium Service SyotemsQ1I 

The checkout of t h e  f r eeze  t r ap  and 

its heaters is covered in t h e  same sec t ion .  

30J.2,3 Helium preasure c o n t r o l  s t a t i o n s  

Gas exhausted from r e l i e f  valvos at 

various hel iuu  pressure c o n t r o l  s t a t i o n 8  is 

co l l ec t ed  i n t o  thia system. The opera t ion  of 

t h e  cont ro l  s t a t i o n s  aa  onumerated belom aro 

described in eec t ion  I, 1,2 "IIelimn Syetems," 

PC-410, 413, 419, 421, 425, 427, 434, 4s 
438, 446, 473 
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A MYISION OF NORTH AMWK;AN AVUTDN. INC 

SUWEm m e x l y  report of act iv iw released to atmosphere, 

The following 3 s  a tabulation of radioactive ,-es released to t h e  
atmosphere f r o m  SF3 hold-np tanks. F93.s report enconpases the period 
of A p r i r  1 to July 1, 1959. The isotopes contafned in the gas releasod 
generally cunsisted of I<&, ~ r 8 5 ,  ~ d 3 3  and mixed f b s i o n  products. 
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Reactor Startup Checklist 



Appendix E 

Description of Damaged Fuel Assemblies 



C o r e  Channel Description of Damage 
At 2200, July 27, 1959, it was found that the fuel cluster was broken in two with approximately 
two-thuds of the fuel cluster remaining in the fuel Channel . Shield plug and broken section of feel 
cluster were stored In Storage Cell 69. 
At 1743, August 2, 1959, It was found that the fuel cluster was broken in two with approximately 
two-thirds of the fuel cluster remaining in the fuel channel. Shield plug and broken section of fuel - . - 
cluster are contained within the fuel transfer cask awaiting transfer to a storage cell. 
At 2245, October 10, 1959, an unsuccessful attempt was made to remove the fuel cluster from R- 
2 1 . The hoist cable power was tripped because of overload- 800 lbs. The fuel cluster was fmally 
withdrawn from the core at 2330 . Observations made in the SRE hot cell indicated that the lower 
thud of the fuel cluster had broken off and had probably remained in core channel R-21 . The por- 
tion of cluster removed has been canned and is being stored. 
At 141 3, October 1 1, 1939, the fuel element from R-23 was removed from the core . It was noted 
during removal operations that the element stuck momentarily after 4 ft of upward travel . The 
element was broken, with the lower thud believed to be still In R-23 . The portion of cluster re- 
moved has been canned and is being stored. 
Attempts to remove the fuel cluster from R-24 had failed . This cluster, with its moderator can, 
was raised and blocked-up approximately 1 in. in an attempt to free the fuel cluster from the mod- 
erator can . No change was noted 

At I9 15, July 16, 1959, the element was being viewed by using the portable television camera 
when it was noted that the cladding appeared to be split open on one of the fuel rods . The element 
was lowered back in the core. rotated 1 SO0, and viewed again showing an additional ruptured fuel 
rod. Element was stored in storage cell 56. 
At 0200, July 27, 1939, it was found that the fuel cluster was broken in two with approximately 
one -half of the fuel remaining in the fuel channel . Shield plug and broken section of fuel cluster 
were stored in storage cell 35 . 
At 1700, July 27, 1959, it was found that the fuel cluster was broken in two with approximately 
one-half of the fuel remaining in the fuel channel. Shield plug and broken section of fuel cluster 
were stored in storage cell 68. 
At 1903, October 15, 1959, the fuel element from R-43 was removed from the core. The fuel clus- 
ter was broken in half. The portion of cluster removed has been canned end is being stored. 
At 1900, July 20, 1959, the experimental fuel element was found to be broken in two with ap- 
proximately nee-half of the cluster remaining in the fuel channel . Broken section of fuel cluster 
was examined and photographed In the hot cell, then the remains of the cluster were removed 
from the shield plug section end placed in a container and left in the hot cell. The shield plug was 
placed in storage Call 73 . 
At 2300, August 1, 1959, it was found that the fuel cluster was broken in two with approximately 
two-thirds of the fuel cluster remaining in the fuel channel . Shield plug and broken section of fuel 
cluster were stored in storage cell 72. 
At 2230, October 14, 1959, the feel element from R-69 were withdrawn from the reactor. The 
cluster was broken in half. The portion of cluster removed has been canned and is being stored . 
Attempts to remove the fuel cluster from R-76 have failed. In-core observations of to cluster, dur- 
ing removal attempts, Indicate that the moderator can containing the cluster lifts as the element is 
raised. This cluster. with its moderator can, was raised and blocked-up approximately 1 in. in an 
attempt to free the fuel cluster from the moderator can. No change was noted. 



Appendix F 

Environmental Air Sample Data 

Santa Susana & Van Owen Sample Points 
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Appendix G 

Description of RADTRAN Mathematical Model 



1.Introduction and Background 

The computer code RADTRAN was developed to provide a powerful and flexible tool for fission 

product transport analysis. The data libraries contain 367 nuclides in 100 decay chains, with a 

maximum chain length of six members. RADTRAN solves a set of coupled, linear first-order 

differential equations using a matrix exponential method to provide an exact solution for the 

time-dependent buildup and transport of radioactive fission products. 

The primary use of RADTRAN is to provide time-dependent source terms that may be used to 

evaluate radiological conditions for plant operations. The code is very flexible, and offers many 

variations of calculations, depending on the definitions of coefficients described in the rate equa- 

tion shown below. The most common use is to provide a time-dependent release from the plant 

via the ventilation systems, by defining nodal source terms inside the plant. 

1.1. General Rate Equation 

The computer code RADTRAlV addresses time-dependent solution of radioactive material trans- 

port. The general rate equation is: 

where: 

N, = population of radionuclide N [Atoms] in a decay chain of up to 6 members 

a = production coefficient of radionuclide N 

A,_, = decay constant of precursor of radionuclide in decay chain 

N,-, =population of precursor of radionuclide in decay chain 

and 

a N ,  =production term for radionuclide N 

A,,_, N,-, = production term for radionuclide N by radioactive decay of precursor 



A,N, =removal term for radionuclide N by radioactive decay 

mf = removal term for radionuclide N with accumulation in separate node 

U N ~  =removal term for radionuclide N with release rate output as CiISec 

The flexibility of the code is demonstrated in the use and definition of the coefficients 

a, p ,  and u ,  which are described in the following sections. The /N, and ON/ terms allow 

modeling chemical and physical removal such as ionic exchange or filtration. 

1.2. Production in Calculation Node by Physical Transport 

In this mode of transport, the fission products are identified as a concentration in a fluid or gas as 

pCi1cc and the time-dependent release into the calculation node is specified by the a coefficient. 

The "leak rate" is specified as one of three choices: 

+ Lb, lhr 

+ Cu. Ftimin 

Internal conversions in the code handle the conversions such that the "atomslsec" production 

term is consistent with the rate equation for each radionuclide. 

1.3. Removal Coefficients 

1.3.1. Partial Removal Coefficient 

The partial removal coefficient is used to allow filtration of the decay chain family with filtration 

efficiencies set as time-dependent values. The removal coefficient is defined by: 

where 

m, = Removal rate in consistent units, e.g., cfm 



M = Denominator to obtain l/sec when taken with m, 

F, = Filtration efficiency for isotope i 

Efficiencies must be specified in fractions instead of percent, and may vary with time. The 

unique feature of this removal term is that daughter products of an isotope that have efficiency 

values of 0 will be released from the "filter" and reintroduced into the main node. This models 

the behavior of a recirculation filter, for example. Any removal system that functions in a recircu- 

lation loop may be modeled. There is also an option called the "strongly interacting model" 

whereby gaseous daughters may be retained in the "filter" node. This feature allows accumula- 

tion for a time period, with subsequent leakage or release according to the value of the filtration 

efficiency and removal rate. 

1.3.2. Total Removal Coefficient 

The total removal coefficient is used to completely remove a decay chain or members thereof 

from the node. It may be thought of as a "purge" type node. The total removal coefficient is de- 

fined by: 

where: 

m, = removal rate, in consistent units with M, e.g. cfm, 

M = Denominator to obtain l/sec when used with m, 

F, = Filtration efficiency for total removal node. 

The release from the node is calculated as atoms/sec removal from the node. Filtration efficien- 

cies may be specified to vary with time. 
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